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Joseph J. Vitale, ScD., M.D.
Director, Nutrition-Pathology Unit
Boston University School of Medicine
Boston International Foundation for Medical Education
Mallory Institute of Pathology
784 Massachusetts Avenue
Boston, Massachusetts 02188-2394

Dear Dr. Vitale:

This is in response to your letter of October 6, 1999 to the Food and Drug Administration
(FDA) pursuant to 21 U.S.C. 343(r)(6) (section 403(r)(6) of the Federal Food, Drug, and -
Cosmetic Act (the Act)). Your submission states that Boston International Foundation
for Medical Education is making the following ciaims, among others, for the product
P C - 9 5 :

“...may decrease the risk to infection.”

21 U.S.C. 343(r)(6) makes clear that a statement included in labeling under the authority
of that section may not claim to diagnose, mitigate, treat, cure, or prevent a specific
disease or class of diseases. The statement that you are making for this product, and the
reference to “pathogens” included in your claim, suggests that it is intended to treat,
prevent, cure, or mitigate disease, namely, infections resulting from pathogenic
microorganisms. This claim does not meet the requirements of 21 U.S.C. 343(r)(6). This
claim suggests that this product is intended for use as a drug within the meaning of 2 1
U.S.C. 321(g)(l)(B), and that it is subject to regulation under the drug provisions of the
act. If you intend to make claims of this nature, you should contact FDA’s Center for
Drug Evaluation and Research (CDER), Office of Compliance, HFD-3 lo,7520  Standish
Place, Rockville, Maryland 20855.

Please contact us if we may be of further assistance.

Sincerely,

Lynn A. Larsen, Ph.D.
Director
Division of Programs and Enforcement Policy
Office of Special Nvtritionals
Center for Food Safety

and Applied Nutrition
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Boston University School  of Medicine
Mallory Instmte of Pathology
784 Massachusetts Avenue
Boston, Massachusetts 021 I S-2344

TEL: 6 17 534-5473
FAX: 6 17 534-53 15

Joseph J. Vitale, Sc.D.,  M.D.
Director, Nutrition-Pathology Unit

October 6, 1999

Dr. Lynn Larson
Director, Programs and Enforcement Policy
Office of Special Nutritional
HFS 455
FDA 200 C Street
Washington, DC. 20204

Dear Dr. Larson:

On March 29 1999, I wrote you, as an interested party and as a Trustee of the Boston International
Foundation for Medical Education, notifying your office of our intention to market a structure function
claim for a dietary supplement, a lecithin, a highly purified phosphatidyl choline (PC-95) with minimal
amounts of other phosphatides. The claim we made, after consultation with the board of trustees,
appeared totally meaningless. After further consultation with counsel, a daim much more accurate and
truthful is now being made.

We are now notifying you of our intention to market a Structure/Function Claim as follows:

ABVA-1 (PC-96) (U.S. Patents #!5,262,466  & #6,135,922)  is a highly  pulfied  phosphatide
(phosphatldykM&)  derivad  from soybean. Studies carried out at two Untversily  Medical Centers,
using anhnals  and human volunteers, have shown that AWA-1 favorably altenr  the 9pid composltbn of
specllk Immune cells resdng  In enhanced  hoat defenses  and phagocybsk  wbkh may decrease  the
rtsktoInfectkn.~eaMMngce~lndudkrgmoQSffnotal,pathogens,celsofthelmmunesyirtem
haveamembranemadeupofvaWusl!pids  Ahealthyltpid compoerltknpromoteslnernbfaneMegrlly
andfuwtkm.

For your information, I have enclosed two items related to phosphatidyl choline (PC-95); copies of the
two patents referred to above and a copy of one of several publications. My colleagues and I firmly
believe that PC-95/ABVA-1  has the potential for use in several dinical entities particularly for those
patients who develop neutropenia (e.g., dander patients) and for those vulnerable to fungal  infections
(e.g., HIV patients). We understand, however, that at this time, we are unable to make such daims.

Best wishes.

Sinyely, , ,

Jdseph J. Viiale, ScD,  MD
Professor of Pathology and Laboratory Medicine
Professor of Community Medicine
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Effects of oral soy phosphatidylcholine  on phagocytosis,
arachidonate concentrations, and killing by human
polymorphonucfear  feukocytes’-3
Peter  W Jannace,  Robert H Lennan.  Jose Ignacio  Sanfos. and Joseph J Virale

ABSTRACT A dietary supplement of linoieic acid (LA) as
soy phosphatidylcholine (PC) or as triglyceride  on polymorpho-
nuclear leukocyte (PMNL) functions. arachidonate (AA) con-
centntions,  AA rclcasc.  and leukotrienc B, (LTB,)  generation
wan studied  in normal  adults. Study 1: Eight subjects WC~C  fed
PC (27 g) or placebo for 3 d in a blinded crossover experiment
with PMNL assays at baseline  and 4, 7, and I4 d. Study 2:
Subjects  were fed equal  quantities  of LA as PC (18 g, n = 8),
safflower (SF, II = 4), or soybean  oil (SY, n = 4) with PMNL
assays at baseline and 48 II. Study I: PC incrcascd PMNL
phagocytosis and killing of Candida  albicans  twofold (P < 0.001)
and PMNL phospholipid AA content tbrccfold (P < 0.00 1); AA
rclcasc  after Candida  albicans  stimulation increased 5.3-fold.
comlating  with PMNL killing (I = 0.932) and phagocytosis (r
= 0.872). Study 2: PC, but not SF or SY, produced  changes
similar to those of study 1. With PMNL exposure  to caIcium
ionophore A23 I87 or N-formyl-methionyl-leucyl-phenylanine.
PC incrcascd  LTB, generation. Phospholipid LA, in contrast to
triglyceride LA, enhanced  PMNL phospholipid AA, phagocy-
tosis,  and killing. Am J Clin NW 1992;56:599-603.

KEY WORDS Polymorphonuclcar  leukocyte. Candida  al-
bicans. linolcic acid, atachidonic acid, phagocytosis, killing, leu-
kotrienc B,, humans

hltroduction

Lindeic acid (LA, 18:2n-6). an w6 fatty acid, is an essential
dietary nutrient. It is the principal polyunsaturated fatty acid in
safflower oil (SF) and soy bean  oil (SY), which have been shown
to bc immunosuppressive in studies  involving both humans and
animals (I -9). It is reasonable to assume that the eff’ects  ofthcsc
oils on immune functions are mediated through LA.

* Most of the studies that have examined the effects of dietary
lipids on immune functions or nonspecific host defenses (cg,
response to mitogen or phagocytosis) have used  neutral fats (ie.
uiglyaridcs  or oils) as the major or sole component of the lipid
uscf,.  However. in addition to oils, a significant source ofdietary
fat consumed  in the conventional Western diet is in the form
of phospholipids. Thus, it wan of intcrcst  to study the relative
&cts of an ora1  supplement of LA as a component of major
sources  of dietary fat; ic. phospholipids as phosphatidylcholine
(PC) and neutral fats as SF and SY on polymorphonuclcar lcu-
kmc (PMNL) funcrions  (phagoc!Tosis  and killing), PMNL ar-
achidonic  acid (AA) CO~W~!  and release, and on lcukotriene B,
(LTB,) generation from stimulated PMNLs.

Subjects and methods

Subjects

Study  1. Eight healthy adult volunteers, six males  and two
females, 23-35 y of age. supplemented tbcir normal diets for 3
d with either  a noodle-soup placebo (PL) or noodle soup to
which 27 g soy PC was added.  The PC was 95% PC choline and
5% lysophosphatidylcholinc; its fatty acid composition is indi-
cated in Table 1. PL or PC was given in thm divided servings
daily for 3 din an open crossover design.  Initially, five individuals
were fed PC and thm PL. After a 2-wk  period  without supplc-
mentation, the groups wcrc rcvcrscd.

The PC provided me I8 g LA and I .5 W/d.  PL provided no
LA and 0.5 kJ/d.  A fling blood sample was drawn bcforc  the
ir-gcstion  of the supplements and then at 4, 7, and 14 d tier
initiation of the  supplements. In four of tbc above subjects  and
after a 2-wk hiatus, I8 g PC was administered in a single feeding
and blood was drawn bcforc  ingestion  and at 48 h posting&on
for LTB, generation from stimulated PMNLs.

S&y 2. Five malts and three females  23-63 y of age. sup
plcmcnrcd  their normal diets with a single feeding of either 18
g PC or I5 g SF (n = 4) or SY (n - 4). which wcrc added to
no&la.  The 18 g noodles to which wcrc added  PC, SF. or SY
provided  I2 g LA and = I .2 W/tin& In this experiment blood
was drawn at baseline  and at 48 h postingestion. The results
from the  blood samples taken from the four individuals fed SF
and the four fed SY were poolad  because  they wcrc not statis-
tically different (P > 0.2) from each  other.

Experimental protocol

Signed informcd-conscnt  forms were obtained from all sub-
jccts in accordance with the  ethical standards of the  Institutional
Review Board for Human Research. Boston University Medical
Center.

’ From the Department of Pathology and Nutrition Pathology Unit.
Mallory Institute of Pathology; the Clinical Nutrition Unit. Evans Me-
morial Depanment  ofClinical  Research and  F’reventivc  Medicine. Uni-
~ersity  Hospital; and the Boston University School  of Medicine. go&n.

’ Supported  in pan by the Boston University School of Mcdicinc.
’ Reprints not available.
Received  November 12.  1991.
Amptcd  for pubhcation  March 26. 1992.
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TABLE 1
:

The fatty acrd  composruon  of soy phosphatidylcholine

Fatty acid Composnion

%

Palmiuc  (16:O) 12.8
Palmitoileic  ( 16:  In- 7) 0.2
stanc  ( I&O) 2.9
Okic (lE:ln-9) 10.6
tinoleic  (18:2n-6) 65.9
linoknic  (18:3n-3) 6.5
Eicoscnoic  (20: I n -9) 0.2
Anchidonic (20:4n-6) -

Eicosapcntacnoic  (20:5n-3) -

Procedures

PMNLs were isolated by the method of Boyum (IO)  and
PMNL phagocytosis was measured by the method of Bridges et
PI (I I). which involves inhibition of (‘H]uridine  uptake. PMNL
killing of Cundidu  albicuns  was determined by the method of
Levitz  and Diamond ( 12) by using the reduction of tetrazolium
salt. PMNL lipids were extracted by the Folch et al technique
( 13). The addition ofan  internal standard, radi-heptadecanoyl-
phosphatidylcholinc (Avanti  Polar Lipids, Birmingham, AL) to
the Folch extract enabled the quantitative analysis of the phos-
pholipid fatty acids. Gtavimetric  analysis of lipid concentration

was determined on an automatic electrobalance  (Cahn/Vcntron,
Cenitos,  CA) after solvent evaporation. The PMNL lipid exttact
was then streaked onto a 20 X 2Ocm silica gel-G thin-layen  plate
(Analtech, Inc, Newark, NJ). Thin-layer chromatography was
performed in a hcxane:diethyl  ethe@acial  acetic acid (70130:  I,
by vol) solvent system, which separated the major lipid classes:

phospholipids (origin), unestcrified  cholesterol (rF = 0.25) free
fatty acids (rF = 0.45),  triglycerides (rF = 0.68),  and cholesterol
esters (rF = 0.85). The  phospholipid silica band was then scraped
for the transmethylation process ( 14).  The sample was subjected
to 0.5 mL boron trifluoride  reagent (Supelco, Bellfonte,  PA) and
0.5 mL fresh methanol (Fisher Scientific Co, Medford.  MA) and
then mixed under nitrogen with a Vortex-Genie mixer (Fisher

TABLE 2

ET AL 1 .

Scientific  Co). This solution was heated in a steam bath at 80
“C for I h to complete tmnsestcrification  (I 5). To stop the re-
action. I mL Hz0 was added. The fatty acid methyl estcn  were ’
extracted with 5 mL hexane (Fisher Scientific).

The hexane was then evaporated under nitrogen in prtparauon
for ga+liquidchromat~hic  (GLCI analysis.  Phospholipid  fatty
acid methyl esters from PMNLs were separated with a Varjan
Model 3700 capillary gas-liquid chromatograph  and a varian
DS-65  I chromatogtaphic  workstation (Varian  InSUunltn~  palo

Alto, CA). The GLC was equipped with a Supelco 2330 fused
silica apillary column (30 m X 0.25 mm ID, O&m film) and
a flame ionization detector (Vatian  Instruments). The optimal
detection conditions were helium carrier gas at a linear velocity
of 20 cm/s and a split ratio of 25: 1. The capillary column tem-
perature was I90 “C with injector and detector temperatures at
250 “C. AA release from isolated PMNLs was masuted  after
their exposure to Cundidu afbicms.

LTB, release  was measured after exposure of PMNLs  to the
calcium ionophore A23 I87 and to N-fomsyl-mcthionyl-leucyl-
phenyl-alanine (fMLP) by ‘H radioimmunoassay (Advanced
Magnetics,  Inc. Cambridge, MA) according to published methods
(16,  17).

Slarislical  analysis

Statistics were done by using Student’s I tests, analysis of vari-
ance for four repeated measures and two independent groups,
and Pearson correlations (18).

Results

Newophil  funcrion

Phagocytosis  by PMNLs from subjects provided 27 g PC for
3 d increased l&fold (P c 0.01) at 4 d. peaked  at 2.0.fold  (P
< 0.01) times baseline 7 d postingestion, and returned to baseline
values at day fourteen (Table 2). Similarly, PMNL killing in-
creased 2.6foId  (P < 0.01) to peak by day four in the PC group
and returned to baseline at I4 d posting&on (Table 2) by anal-
ysis of variance. Compared with the subjects provided PL, the
increase in phagocytosis by PMNLs from the PC group was
highly significant at days four and seven whereas killing was

Effects of oral  soy phosphatidylcholine (PC) on neutrophil function and anchidonatc  in normal adults’

Phagocytosis Killing
of Candtda  albicans of Candrda olblcanst

bY Placebo PC Placebo PC

SF % % *

0 (baseline) 25.8 2 4.1 29.3 2 4.5 15.6 2 2.7 16.0 2 I.2
4 32.1 k 2.9 48.0 + 5.4$§ 20.2 * 4.9 42.1 z 4.9#$
7 27.4 + 4.0 59.4 2 5.2$§ 19.7 k 4.3 39.9 t 3.745

I4 31.4 2 3.4 33.0 + 3.9 II.0 2 I.4 18.6 2 I.45

l .Z z SE; n = 8. PMNL.polymorphonuclu  Icukqe.
t PMNL/Candrda  albrcans = 2.5 x IO‘/5 X I@.
tI Slgnihcantly  different from baseline (ANOVA):  SP < 0.01. /P e 0.001.
$T Sigmhcantly  different from placebo (ANOVA):  §P -I 0.01. IP < 0.001.

4

Anchidonic
acid concentration

Placebo PC

W/IO W/IO’
PMVL PMNL

35 f 8 382 I I
29 2 II 109  2 25*§
I9 2 3 142  i 2619
1723 42 2 7

Anchidonic
acid release

Placebo PC

W/IO’ W/IO’
PMNL PMNL

25 z 8 23 zi 7
I7 + 8 74 2 1645
IO? 3 I23 = 25Rr
823 17 2 3
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The possible difference between neutral fat and phospholipid
LA may be related to differences in their absorption. metabolism..

In several of the subjects studied. no effects of & were noted
on Tcell responses to the mitogen phytohemagghttinin  (JJ

or utilization (32-34). Phospholipids. although composing only
S-9% by weight. form 40-65%  of the outer surface of chylo-
microns (35). This may facilitate an exchange of phospholipids
with the lipophilic cellular membranes. Neutral fats, on the other
hand, are carried mainly in the triglyceride-rich core and cannot
exchange easily with the lipid components of cellular mem-
bnncs.

The 48-h, or less, hiatus and the duration of the observed PC
effect on PMNL phagocytosis and killing, extending to .z 7 days,
is of interest. Because PMNLs have a short survivaJ  period in
the circulating blood. PC would not be expected to have a sig-
nificant impact on PMNL plasma membranes. Also,  it is unlikely
that the absorption of the PC, and its subsequent metabolic by-
products, is delayed beyond 12-24  h. A reasonable explanatron
for the hiatus in the PC effect is that it occurs in hematoporetic
sites with the LA from the PC being incorporated, desaturated.
and elongated to AA in progenitor cells. The increase and in-
corporation of eicosatrienoic and eicosapentaenoic acids in
phospholipids of PMNLs and other cell types after feeding these
fatty acids to humans and animals is delayed. suggesting that
short-lived circulating cells such as PMNLs do not exchange
lipids in their membranes freely or easily (36-39).

In conventional Western diets the major lipids are of the W-
6 (eg,  LA) and not of the w-3 (eg. marine oils) class. As a result,
the major fatty acids of the phospholipid bilayer of the cell
membranes of individuals consuming Western diets are prin-
cipally of the w-6 series. Becaux  w-3 and ~-6 fatty acids compete
for the enzymes involved in desaturation and elongation, de-
pending on the quantity of the lipid source fed, either ~-3 or w-
6 fatty acids will predominate on the membrane. Therefore, the
ingestion of large amounts of marine oils such as cicosapenta-
enoic acid (C20:5  n-3) can lead to displacement of phospholipid
AA on many cell types, including PMNLs, and thus may effect

the metabolic processes and function of these cells (37,40-44).
PMNLs. which are the first cells to invade sites of infection,

can produce chemotactic or chemoattractive metabolitts  as can
infectious agents (45, 46). These metabolites serve a beneficial
purpose in mitigating against infections. In response to bacteria,
or any agent that perturbs the cell membrane, there is a con-
comitant increase in the activity of phospholipase A2 and release
of AA resulting in an increased production of the potent che-
motactic and chemoattractant eicosanoid, LTB, (28). Displace-
ment of w6 with (rr-3 fatty acids on cell membranes results in
the generation of the leukotrienc LTBl,  a weak chcmotactic and
chemoattractant anaiogue  (40). In any case, no attempt was made
to measure the Icukotriene LTB,, notwithstanding that a small

Vitale.  E Levy.  unpublished observations, 1989). &ibJy,  the
effects of PC noted in PMNLs may not occur or may be signif-
icantly delayed in lymphocytes or other cell types with much
slower turnover rates. It is likely that LA or other dietary lipids
may effect the lipid membrane fatty acid composition and/or
function ofother  cell types ifgiven  over a more prolonged period.

The e%cts  of PC on PMNL phagocytosis and killing are in
keeping with results from other studies (50-52). These studies
report that the administration of PC protects against morbidity
and mortality from experimental Klebsie//a  pneumoniue  infec-
tion in neonatal tats (50), against Sfuphylococcus  oweus  infec-
tions in mice (5 I), and against morbidity and mortality of ani-
mals infacted  with herpes simplex virus Type-II (52). In addition,
it has been reported that the administration of lysophosphati-
dylcholine can activate peritoneal macrophagcs or PMNLs
lading to increased superoxide  actibity associated  with increased
phagocytosis and killing (53). The present study is the first to
demonstrate a possible mechanism for the previous studies, ie.
the relatively long lasting cfiect  of PC on membrane AA con-
centrations and the generation of LTB,.

Future studies using other sources of PC (eg,  egg PC and hy-
drogenated soy PC) are planned to confirm the critical role of
LA in the lipid moiety. Clearly, the present study demonstrates
a distinct difference in PMNL function when LA is fed as an
integral part of a phosphoglyceride  or as a component of a
neutral fat.

. concentration of linolenic acid (~3). < 10%  of the concentration
. of LA (an o-6 fatty acid). is present in PC. A review of several

studies suppotts  the VICW that the leukotriene LTBl is not gcn-
erated  until the concentration of e3 fatty acids equals or exceeds
the w-6 fatly acids in any dietary fat (47-49).

One of the major functions of LA is related to its elongation.
desaturation,  and conversion to AA, which is the usual eicosa-
noid  precursor of the prostaglandins. synthesized by way of the
cyclooxygenase  pathway and the leukotrienes.  formed vra the
lipoxygenase  pathways. These vasoactive substances are not
considered integral parts of the T- and B-cell network. although
they have been shown to modulate immune cell activity as we)]
as the inflammatoc  responses to infectious agents (20-24).

Coupled with data from animal experiments, these results
suggest a potential immunomodulatory  role for PC in humans
who have increased risks of bacterial and/or fungal  infections.
It should be stressed from the present study that the quality of
the fat rather than the quantity may bc important in how dietary
lipids effect host defenses and immune functions. 0

I
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Susceptibility to GBS disease, like to other infectious
PREVEhTION  AND TREATMENT OF diseases, is multi-factorial and impinges on native and

MICROBIAL INFECTION BY acquired immunity which are influenced by the host’s
PHOSPHOGLYCERIDES genetic constitution, sex, age, and nutritional status. Of

5 the aforementioned factors, there is very little informa-
This is a continuation of application Serial NO. tion available as to the role of single or aggregate nut+

07/579,242, filed Sept. 4, 1990 now U.S. Pat. No. ents on host resistance to GBS disease. Almost any
$135,922, which is a continuation of U.S. Ser. No. nutritional deficiency or excess may affect adversely
07/366,475 filed Jun. 15, 1989, now abandoned, which is one or more components of the immune system. Con-
a continuation in part of U.S. Ser. No. 07/142,522  filed IO versely the same nutrients that impinge on the immune
Jan. 7, 1988, now abandoned, which is a continuation in system may also be essential for the multiplication and
part of U.S. Ser. No. 07/075,556 filed Jul. 20,1987, IIOW virulence of certain pathogenic microorganisms.
abandoned, which is a continuation in part of U.S. Ser. The need for a safe and effective regimen for prevent-
No. 06/891,880  filed Jul. 20, 1986, now abandoned, ing GBS infection in newborns was made evident in a
which is a continuation in part of U.S. Ser. No. 15 recent editiorial, “Prevention of Early-Onset Group B
06/620,886  filed Jun. 15, 1984, now U.S. Pat. No. Streptococcal Infection in the Newborn” (1984) Luncel
4,648,080. 1, 1056-1058.  In evaluating one potential regimen, anti-

FIELD OF THE INVENTION
biotic prophylaxis, the author concluded that firm rec-
ommendations as to its use must await further experi-

This invention is in the field of anti-microbial chemo- 20 mentation.
therapy and pertains to a method of preventing or treat-
ing infectious disease.

BACKGROUND OF THE INVENTION

DISCLOSURE OF THE INVENTION

This invention pertains to a method of therapy or
prophylaxis of bacterial, yeast, protozoan and viral

Group B Streptococci (GBS) are a major cause of 25 infeitions  and to novel co&posit&s comprising essen-
morbidity and mortality in neonates and in other pa- tially pure phosphatidyl choline containing only omega-
tients with compromised host defense mechanisms. The 6 fatty acids, particularly only linoleic acid. The method
importance of GBS disease for newborn infants in the comprises administering, in either therapeutic or pro-
United States was underscored in an NIH sponsored phylactic amounts, one or more of the phosphoglyce-
workshop on Group B streptococcal Infection. Fisher, 30 rides: phosphatidylcholine (lecithin) preferably phos-
G.S. (1983) J. Inj’ecr.  Dis.  148, 163-166. phatidylcholine containing linoleic acid, phosphatidyl-

The incidence of GBS disease is estimated at between ethanolamine, phospha t idy l se r ine  o r phos-
2 to 5 cases per 1000  live births. Pass, M.A. (1979) J. phatidylinositol.
Pediutr. 795, 437-443. At highest risk are premature The method of this invention is founded upon the
infants, whose birth weight is less than 2500 grams and 35 discovery that the phosphatidylcholine (PC)-an ubiq-
infants born to mothers with premature rupture of mem- uitous constituent of biomembranes-protects newborn
branes.  Fisher, G. W., supra. Susceptibility to and se- animals against mortality which usually results from
verity of GBS disease has been associated with several Group B hemolytic Streptococcal infection. As ex-
risk factors including deficient or altered host defense plained, this microorganism is particularly virulent in
mechanisms. Hill, H. R. et al. (1979) Pediofrics  64, 40 newborns. In an experimental model of neonatal sepsis
5787-5794. Studies have shown that human neonates in which Group B hemolytic streptococci (GBS) was
who develop Group B Streptococcal Sepsis usually the causative agent, phosphatidylcholine proved an
lack opsonic antibody to their infecting strain. Opsonic effective therapeutic agent. PC treatment prevented or
antibody is antibody that combines with antigen and delayed the death of newborn rats inoculated with
facilitates ingestion of the antigen by phagocytes. In 45 GBS. A single injection of PC significantly increased
addition, these neonates usually have impaired poly- the number of newborn rats which survived GBS inoc-
morphonuclear  leukocyte (PMN) function. Hemming, ulation and significantly prolonged the mean survival
V. G. et al. (1976) J. Clin.  Invest. 58. 1379-1387; time of the entire treated group.
Shigeoka, A. S. et al. (1979) J. Pediarr.  95, 454-460. PC was also effective in prophylaxis, that is preven-

Despite aggressive supportive therapy and early insti- M tion, of GBS infection. When PC was given prophylac-
tution of appropriate antimicrobial agents, the mortality tically to pregnant rats, PC reduced mortality in their
rate for early-onset Group B Streptococcal Disease offspring inoculated with GBS. Moreover, PC pre-
continues to be in the 25-75%  range. This observation vented weight loss in post-natal rats by enhancing host
has prompted considerable interest and research in the defense mechanisms.
development and use of adjunctive treatment modali- SS In view of these findings, phosphatidylcholine may
ties, which focus on improving the host’s immune sta- have a role as a nutritional supplement or as a practical
tus, including a vaccine for maternal immunization therapeutic agent, or adjunct, in the treatment and pre-
[Baker, C. J. et al. (1978) J. Clin.  Inwsf. 61, 1107-l 110); vention  of GBS disease and other infections (e.g. viral,
the use of ante and intrapartum prophylactic antibiotics; fungal, protistan etc.). In principle, other phospho-
and various blood components including: whole blood, 60 glyceride constituents of bioaembranes are likely to act
polymorphonuclear  leukocytes, and immune serum similarly. Thus, the phosphoglycerides  phosphatidyl-
globulins modified for intravenous use. However, de- ethanolamine, phosphatidylserine and phos-
spite such investigative work with animal models of phatidylinositol may also be useful in combating or
disease, the mechanisms of host resistance to GBS have preventing bacterial infection. Also, because the phos-
not been clearly defined. Some strains of GBS appear to 65 phoglyceridts  may act by stimulating the hosts immune
be more virulent than others. Furthermore, all GBS response to foreign organisms in general, they may be
strains are not uniformly susceptible to the action of effective therapeutic and prophylactic agents for viral
antibody and complement. infection.
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PC and possibly other phosphoglyceride components
of biomembranes are believed to protect against the
lethal action of bacteria by promoting the clearance of
these disease-causing organisms by the reticuloendothe-
ha1 system (RES) by altering the fluidity, and conse-
quently the function, of the phagocytic cells (i.e., the
polymorphonuclear leukocytes and macrophages)
which make up the RES. This theory is supported by a
study involving oral ingestion by humans of species of
phosphatidylcholine in which linoleic acid was the pri-
mary fatty acid constituent (e.g., soy phosphatidylcho-
line). The study revealed that the composition and the
concentration of arachidonic acid in polymorphonu-
clear leukocytes from these humans had been modified.
This alternation in membrane lipid composition was
found to occur in conjunction with an increased im-
mune response.

BRIEF DESCRIPTION OF THE DRAWINGS

5

10

15

FIG. 1 illustrates the opsono-phagocytic activity of 20
PC-treated and untreated neonatal rats infected with
GBS.

FIG. 2 illustrates the increased survival rate of rat
pups whose mothers were treated with PC.

FIG. 3 illustrates the effect of phosphatidyl choline 25
(PC) on infection of murine  macrophages.

FIG. 4 illustrates the effect of PC on intracellular
multiplication of RH strain tachyzoites  within macro-
phage vacuoles.

FIGS. 5A-SD illustrate the changes in 20:4 of PMNs 30
before (unstimulated) and after (stimulated) exposure to
Con&da  albicuns in four subjects-two fed PC and two
fed placebo.

BEST MODE OF CARRYING OUT THE
INVENTION

35

As determined by a chemiluminescence  test for asse&
sing opsono-phagocytic activity of phagocytic blood
cells, PC-treated animals infected with GBS have a
blunted opsono-phagocytic activity. This could mean
that PC masks or alters the immunogenic surface recep- .
tars of the injected GBS and this results in a diminished
type specific antibody response to the organism. Alter-
natively, PC may have a paradoxical effect of improv-
ing PMN function on the one hand and of decreasing B
cell function and antibody production on the other
hand. A role for PC in the inhibition of lectin mediated
blastogenesis has been previously proposed. Chen, S. S.
and Keenan,  R. M. (1977) Biiwiem. Biophys.  Res.
Comm 79, 852-858.

Animal experiments indicate that biomembrane phos-
pholipid phosphatidylcholine (PC) is an effective thera-
peutic and prophylactic agent for bacterial, yeast and
viral infections. The therapeutic efficacy of PC was 40
evaluated in an experimental model of neonatal sepsis.
Sepsis was induced in neonatal rats with a type III GBS
strain resistant to opsonization. After infection, new-
born rat pups were randomly assigned to receive equal
volumes of either saline (controls) or 5 mg of PC. For a 45
period of 30 days after administration of the phospho-
lipid, animal mortality was observed. All 35 control
animals died. In contrast, six out of thirty-three (18%)
of the animals that received PC survived. In addition,
the cumulative mean survival time was significantly SO
increased in the PC treated group when compared to
the controls (26 hrs vs 12 hrs).

As discussed above, in an experimental model of
Group B Streptococcal  Disease, phosphatidylcholine
offered protection against a virulent Group B Strepto-
coccal strain. Interestingly, these results resemble the
results of previous studies employing blood components
to protect such animals from Group B Streptococcal
Infection. See e.g., Santos,  J. I. et al. (1980) Pediurr. Res.
14, 1408-1410. However, because  PC has no inhibitory
effect on GBS in vitro and actually sustains GBS
growth in culture, it is reasonable to speculate that PC
enhances the immune response of the newborn animal
to GBS.

The effects of phosphatidylcholine on the immune
system-which is described herein for bacterial and
yeast (Example 7) infections-supports the use of phos-
phoglycerides as a method of therapy and prophylaxis
for viral infections, as well.

Prophylactic efficacy of PC was evaluated by admin-
istering PC to pregnant rats prior to parturition and
then inoculating offspring with GBS. The survival rate 55
of pups delivered by PC-treated mothers was greater
than pups delivered by mothers that did not receive PC.
(23% of pups from PC-treated mothers survived
whereas only 2.5% of pups from untreated mothers

Phosphatidylcholine belongs to a family of phospho-
glycerides which are found almost entirely in cellular
membranes as constituents of the lipid bilayer. Phospho-
glycerides comprise glycerol phosphate, two fatty acid
residues ester-i&l to the hydroxyl groups at carbons 1
and 2 of glycerol and an alcohol component (e.g. cho-
line in phosphatidylcholine) whose hydroxyl group is
estericed  to the phosphoric acid. Because of the similar-

survived for 72 hours after infection.) PC also prevents 60 ity of structure and function of these compounds, the
vertical transmission of GBS from mother to fetus. therapeutic and protective action manifested by PC
Neonates of infected dams treated with PC were less toward bacterial infection may be common to the
likely to be bacteremic, that is, harbor viable GBS or- group. This is believed to be so particularly for the
ganisms in their tissues. other major phosphoglycerides, phosphatidylethanol- ,

Because PC is an integral part of biomembranes, two 65 amine, phosphatidylserine and phosphatidylinosito].
mechanisms of action might be proposed. PC might A preferred embodiment of this invention employs a
modulate host immune response by stimulating the species of phosphatidylcholine in which linoleic acid
phagocytic function of polymorphonuclear leukocytes (Cl8:2n-6) is the primary (preferably the only) fatty

4
(PMNLs) and macrophages. Phagocytosis is probably
influenced by membrane fluidity. Because membrane
fluidity depends upon its composition, PC, a major
membrane component, may modify fluidity, and, in
turn, phagocytosis. Together with reticular ceils and
other phagocytic cells, PMNLs and macrophages,
make up the reticulo-endothelial system (RES) a “scav-
enger” system which traps, ingests and degrades invad-
ing organisms. Thus, by stimulating the component cells
of the RES, PC may promote clearance of foreign or-
ganisms from host tissues by the RES.  Countering this
hypothesis are some observations that simple lipid com-
plexes (cholesterol, oleate, ethyl stereate, and methyl
palmitate) markedly depress the functional activity of
the RES.

PC may also act by modifying surface components of
the bacteria. These modifications may result in in-
creased phagocytic uptake of invading organisms by
host phagocytic cells or they may result in an abatement
of the virulence of microorganisms.
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acid constituent (e.g. soy phosphatidylcholine). Lin-
oleic acid is an omega-6 fatty acid, as opposed to an
omega-3 fatty acid (e.g. marine oils) and is an essential
dietary nutrient, because it cannot be sythesized by
mammals but must be obtained from plants. Because
linoleic acid is the major lipid consumed in conven-
tional Western diets, it is the major fatty acid compris-
ing the phospholipid bilayer of the cell membranes of
most people who consume a Western diet. The phos-
phatidylcholines containing omega-6 fatty acids can be
synthesized by adding or replacing fatty acids on car-
bons 1 and 2 of the glycerol molecule. For example,
fatty acids on carbons 1 and 2 of a glycerol molecule
can be removed and the phospholipid can be reconsti-
tuted in the presence of linoleic acid. In addition, phos-
phatidylcholines containing omega-6 can be isolated
from heterogenous preparations of phosphatidylcho-
lines available from commercial sources.

A study, which is described in greater detail in Exam-
ple 7, revealed that in response to a dietary supplement
providing a minimum of 18 gms of phosphatidylcholine
containing linoleic acid as the primary fatty acid con-
stituent, but not in response to a placebo, PMNL phos-
pholipid arachidonic acid (C20:4n-6) content increased.
In addition, stimulation of these PMNLs with Cundidu
ulbicuns resulted in phospholipid arachidonic acid re-
lease which correlated with PMNL killing and phago-
cytosis of the yeast. Further, when these PMNLs were
exposed to a calcium ionophore or N-formyl-methio-
nyl-leucylphenylalanine, the amount of leukotriene B4
(LTB4),  an immunosuppressor increased substantially.

I n  constrast, neutral fats providing equivalent
amounts of linoleic acid appeared to have no effect on
PMNL function or PMNL fatty acid composition. This .
difference between linoleic acid contained in phospho- I*
lipids and linoleic acid contained in neutral fat is likely
related to the way the body metabolizes and utilizes
linoleic acid from the two different sources. Screw,  R.
O., Stein Y. and Stein L., /. Biol. Chem.,  242: 4919-24 40
(1967); Borgstrom B., Gustmenterology,  78: 954-64
(1980).

For example, phospholipids, although comprising
only 5-9% by weight, form 4O-65% of the outer surface
of chylomicrons. Davenport, H. W., Physiology ofrhe 45
Digestive Tmcr,  p. 218 et seq., Year Book Medical Pub-
lishers, Chicago (1982). This enables an easy exchange
of phospholipids with the lipophilic cellular membranes
with which they contact. Neutral fats, on the other
hand, are carried mainly in the triglyceride-rich core 50
and cannot exchange as easily.

Prophylactic use of the phosphoglycerides is appro-
priate in patients who are at risk of contracting bacterial
infection. Patients especially susceptible to bacterial
infection include premature ‘infants, infants born to
mothers with prematurely ruptured membranes and
persons whose immune system is suppressed or oompro-
mised such as certain cancer patients (e.g. leukemics) or
cancer patients undergoing chemotherapy, persons suf-
fering from Acquired Immune Deficiency (AIDS) or
the aged. In prophylaxis, the phosphoglycerides may be
administered alone or as an adjunct to other forms. of
prophylaxis. In particular, the phosphoglycerides can
be be used with other prophylaxis forms in the treat-
ment of AIDS. Vitamin D3 or its active metabolites
such as the hormonal product, 1,25-(OH)2  D3, @ID) can _
inhibit Interleukin-2 production and depress T-cell pro-
liferation when T-cells are exposed to mitogen. Nor-
mally, receptors for HD are not present on resting T-
and B-cells but are present on monocytes and malignant
T-lymphocytes. When resting T-cells are exposed to a
mitogen, proliferation and differentiation occurs with
expression of HD receptors. The addition of HD in
pica-molar concentrations inhibits the proliferation of
activated T-cells, presumably by inhibiting the growth
promoting lymphokine, IL-2. Macrophages as well as
T-cells may be infected with the Human-lmmunodefi-
cient Virus (HIV). The macrophage  is required for
T-cell activation and may have an important role not
only in promoting the replication of the virus but also in
transmitting virus to resting T-cells. By enhancing mac-
rophage function with, for example, phosphatidylcho-
line treatment and reducing T-cell proliferation by HD
administration, a combined therapeutic regimen of both
phosphatidylcholine/HD  would be of value in mitigat-
ing the morbidity associated with the HIV infection.

The phosphoglycerides may be administered enter-
ally or parenterally. Enteral administration is the pre-
ferred route. As the phosphoglycerides are components
of many foods, they may be administered conveniently 55
by ordering a diet which will supply the appropriate
amount of the phosphoglycerides. Alternatively, the
phospholipid may be given alone in bolus doses as a
dietary supplement. . ._... .

A important mode of prophylaxis of neonatal sepsis is
treatment of the mother with a prophylactic agent prior
to parturition. As described above, maternal administra-
tion of PC effectively protects newborns against GBS
infection. Thus, the phosphoglycerides may be adminis-
tered prophylactically late in pregnancy, either alone or
in conjunction with other prophylactic agents (e.g.
antibiotics) in situations of high risk of neonatal infec-
tion.

The use of phosphoglycerides to oombat or ward off
bacterial infection has several advantages. Because
phosphoglycerides are common nutrients, there is mini-
mal risk of toxicity attendant to their administration. In
addition, as common components of foods, they can be
administered orally and may be given therapeutically. . .

In situations of acute need, it may be deWable  to gtve 60 by prescnbmg  a diet which provides the desired
the phosphoglycerides parenterally, preferably by intra- amount.
venous infusion. Pharmaceutical compositions may be From a nutritional point of view, PC, in particular,
prepared comprising the phosphoglyceride in a physio- has the potential for being exploited to the benefit of the
logically-acceptable vehicle. For example, a sterile host. In mammalian tissue free choline participates in
emulsion of the phosphoglycerides in phosphate buff- 65 four enzyme-catalyzed pathways: oxidation, phosphor-
ered saline is a suitable composition for infustion. In ylation, acetylation, and base exchange. See Zeigel, S.
general, dosage regimens may be optimized according H. (198l)Ann.  Rev. Nutr. 1.95-121.  During periods of
IO established principles of pharmacokinetics. rapid growth, large amounts of choline are needed for

6
As a therapeutic agent, the phosphoglycerides may

be administered to a patient who hi been determined
clinically to have contracted a bacterial, yeast or viral
infection. Besides being efficacious therapeutic agents
in their own right, the phosphoglycerides may be useful
adjuncts to conventional therapeutic regimens. For
example, phosphatidylcholine may be administered
conjunctively with antibiotics or other anti-microbial
agents.
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membrane and myclin synthesis. The ultimate source of
dietary choline is the phospholipid, lecithin. However,
the newborn rat is unable to consume choline-contain-
ing foods other than its mother’s milk. It may be possi-
ble to prophylactically increase the plasma choline con-
centration in the newborn animal by giving a choline-
rich diet or by administering PC via parenteral route to
the mothers during pregnancy. Although the placenta is
incapable of taking up lecithin from maternal blood and
transporting it to the fetus, it does possess both passive
and active transport mechanisms which result in signifl-
cant transport of choline from maternal blood into the
placenta. Bicxenski, J. et al. (1971) Biochim Biophys
Acra 230, 92-97.

5

10

thus two samples from each rat were placed in the scin-
tillation counter. Three background samples with the
particle and chemiluminescence mixture were run with
each assay. The samples were monitored for chemilumi-
nescence  using an LKB Rack Beta 1211 Liquid Scintil-
lation counter. Each sample was counted for 5 seconds
every 6 minutes. The assay was allowed to run for 30
minutes after which time chemiluminescence activity
had peaked and decreased significantly.

Statistical Analysis

The invention is further illustrated by the following
examples.

I5

Comparison of significance of differences between
survival values in the animal studies were performed by
use of the Fischer exact test.

Results

EXAMPLES

Example 1

The survival rate in 35 unprotected (controls) neona-
tal Sprague Dawley rats infected with Type III-R, GBS
was 0. In contrast, 6/33  (18%) of the rats that received
phosphatidylcholine survived (p 0.01). Moreover, the

Therapeutic Effect of PC in Neonatal Sepsis

Preparation of Phosphatidylcholine (PC)
Soy lecithin. 95% pure, (Unilever Inc., Valardinger,

Netherlands) was mixed in phosphate buffered saline
(PBS) to a concentration of 250 mg/ml.  This Lecithin
preparation contained 25.84 nanomoles of phos-
phatidylcholine per 100 ul of mixture as determined by
thin layer chromatography.

Preparation of Organisms
A human isolate of Group B Streptococci Type III-

R, resistant to opsonization by most antibody contain-
ing serum was cultured in Todd Hewitt (Difco Labora-
tories, Detroit) broth overnight at 37’ C., washed, con-
centrated in phosphate buffered saline (PBS) by centrif-
ugation and adjusted to 1 x 109 cfu/ml in PBS as previ-
ously described. Hemming, V. E., et al. (1976) J. Clin.
Invest. 58, 1379-1387.

20 cumulative mean survival time was also significantly
increased in the PC treated group when compared to
the controls (26 hours vs. 12 hours; p 0.01).

25

Unexpectedly, newborn Lewis rats challenged with
the same strain of GBS and randomized to receive ei-
ther saline (n-34) or PC (n-16) all survived. Differences -
in animal strain susceptibility were corroborated in
several experiments. Sprague Dawley rats were uni-
formly susceptible and Lewis rats resistant to this GBS
strain.

Neonatal Rat Infections
Sprague Dawley outbred pregnant  female rats

(Charles River) and Lewis pregnant female rats were
obtained one week before delivery. The neonatal prog-
eny less than 24 hours old were randomly assigned to
groups and entered into the study. Animals were inocu-
lated intraperitoneally with 0.1 cc of PBS containing
104 streptococci. In the protection studies, the animals
also received separate qua1 volume injections of saline
or 25.84 nanamoles of phosphatidylcholine immediately
after bacterial inoculation. The rat litters were observed
at six hour intervals for mortality. Surviving rats were
observed for a total of three weeks as previously de-
scribed. Santos, J. I., et al. (1980) Pediatr. Res. 14,
1408-1410.
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The opsono-phagocytic activity of GBS infected
Lewis rats was determined fourteen days post infection
using whole blood and un-opsonized live GBS as the
particle. Depicted in FIG. 1 are the chemiluminescence
(CL) values for rats that were infected and received
either saline or PC and uninfected rats that received
only PC. Animals that received PC had a lower mean
CL response than saline treated controls but both had a
greater response than uninfected animals.

Example 2

Prophylactic Effect of PC

The present study was designed to evaluate the pro-
uhylactic effect of PC given to pregnant Sprague Daw-
ey dams on GBS infection in their offspring.

Chemiluminescence Procedure
A chemiluminescence procedure, as modified by

Selveraj and co-workers, /. Reric.  Endok Sot. 31 3-16
(1982)  for micrquantities of whole blood, was em-
ployed in assessing the opsono-phagocytic activity of
PC-treated and control Lewis rats that survived GBS
challenge. Briefly, approximately 0.5 ml of heparimxed
whole blood was taken from each rat two weeks post
infection. Total WBC and differential counts were de-
termined on each blood sample. The assay was con-
ducted in the following manner: to an 8 ml vial, the
following reagents were added: 0.8 ml of KRB buffer,
1.5 ml sterile distilled water, 2.5 ml 1 mM luminol (KO-
dak),  10 ml whole blood, and finally 150 ul of an over-
night culture of GBS Type III washed and adjusted to

Outbred  Sprague Dawley rats (Charles River Breed-
ng Laboratory, Wilmington, Mass.) were used in all
:xperiments.  Single doses of 250 mg purified phos-
phatidylchollne dissolved in 1 cc of 0.9% saline were
ejected intraperitoneally (i.p.) at time intervals ranging
from 120 hours (5 days) to 96 hours (4 days) prior to
parturition. Control animals received equal volume i.p.
urjections  of saline. After delivery all of the rat pups
ranging in age from 24-36 hours were injected i.p. with
5 x 106 c.f.u”of  GBS and observed for mortality.

The results presented in FIG. 2 indicated that rat
pups whose mothers were treated with PC had an in-
creased survival rate of lo/44 (23%) versus l/39 (2.5%)
for pups born to saline-treated controls. (P<O.O5)

60 In an additional experiment, nineteen pregnant
Sprague Dawley rats were randomized to receive 500
mg PC (n-10) or saline (n-9) i.p. on day 16 of gestation.
All rats were challenged with 109-1010  CFU of GBS
type III, 24-28 hours prior to expected delivery.

65 17/19 (89%) were documented to be bacteremic 24
hours post inoculation. Two PC treated animals and 4

1 x 109  c.f.u. per ml to achieve a PMN: particle ratio of controls died 24-80 hours post inoculation; GBS was
1.3ooO.  Blood from each rat was studies in duplicate; isolated from these animals and their unborn pups.

t
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Seventy-four pups were born to 8 PC-treated ani-
mals; fifty-one pups to the 5 remaining controls. Pups
were sacrificed and cultured at 4-8 hour intervals fol-
lowing birth. GBS was isolated from liver, spleen,
blood or brain in 15/74 (20%) pups in PC-treated
group. In contrast, 19/51(37%)  of saline treated groups
had positive cultures.

These results suggest that prophylaxis with PC, an
important component of all biomembranes, may inter-
fere with the vertical transmission of GBS. Further
investigation of PC interaction with GBS and with
maternal immune function may defme its role in the
antepartum management of GBS infected mothers.

Example 3

Effect of PC on Postnatal Rats

This Example illustrates that the effect of PC on
pre-weaned rats includes weight gains that can be at-
tributed to enhanced host defense mechanisms.

A rat litter (N-13) was randomly assigned to receive
either a single i.p. injection of PC soy lecithin (see Ex-
ample 1, above) or 500 mg/kg  of an equivalent control
injection of phosphate buffered saline (PBS). Pups were
allowed to nurse and weighed every two to three days.

The weight distribution for all animals prior to wean-
ing is given in Table I. All animals had similar weight
gain during the first two weeks. Between weeks 2 and 3,
however, the PC treated group gained more weight and
by 21 days post-injection, the mean weight of the PC-
treated group was 39.1+ 1.1 grams versus 24.3-t 1.2
grams for the control group.

Differences in weight can be attributed to enhanced
host defense mechanisms in the PC-treated group. Al-
though no visible signs of intercurrent illness was noted
for the control group, a subclinical infection cannot be
ruled out. These results suggest that PC may be used
prophylactically as a useful nutritional supplement, not
only in rodents, but in humans as well by preventing
weight loss during a period in the neonate when host
defenses are being established.

Example 4

Clinical Trials

Clinical studies were conducted on 76 pediatric pa-
tients admitted to the hospital with viral and bacterial
infections (Table II). Forty randomly selected patients
received lecithin over a period of hospital confinement.
Thirty-six patients were given placebo treatment over
the same period. Blood was drawn on Day 0, 3, and 7.
Lecithin (soy bean lecithin) was administered orally for
three consecutive days (3 qua1 doses per day for a total
dose of 450-500 mg/kg/day).  Longer periods of admin-
istration can be tested; however, the rat studies sug-
gested that three days of administration should have
some effect. Twenty-six of the experimental group and
25 of the placebo group had bacterial infections; viral
infections in each group numbered 12 and 11, respec-
tively. Admissions from other causes received treat-
ment with lecithin. Natural killer cell activity, as mea-
sured by stchromium assay and at three different ratios
of effector  cell to target cell, showed lecithin to be a
potent inducer of NK activity in these patients (fables
III, IV, V). Table VI and VII show the findings of
phagocytosis and the percent of phagocytosed bacteria
(intracellular killing) “killed” in 85 normal individuals 65
of ages ranging from 2 years to 39 years of age. With
this assay, approximately 40% of the bacteria are in-
gested and 85% of these are “killed”. It is clear from

10
Tables XI and XII that both phagocytosis and “killing”
were enhanced by the administration of lecithin. Analy-
sis of Variance indicated a statistically significant effect
of lecithin on NK activity and on phagocytosis and
“killing” by PMNs  compared to the placebo group. A
related finding of increased plasma proteins was seen
within the treated group.

An additional child admitted for viral bronchopneu-
monia had a preexisting retinoblastoma  and was treated
with lecithin. Within 7 days of the treatment his kill
activity was seen to increase from O-7100 with a con-
comitant rise in WBC from 2320-5600.  The child was
discharged 10 days post admission with the pneumonia
resolved. This isolated case is mentioned anecdotally
and not included in the study data. Nonetheless, we
were pleased and impressed with both the clinical out-
come of this boy’s illness and the laboratory data gener-
ated by his admission.

Clearly the dramatic effect of lecithin on the clinical
course and outcome of both bacterial and viral infec-
tions empirically demonstrates the use and value of this
and related molecules.

Example 5

The Effect of PC on Mortality, Bacteremia, White
Blood Counts and IgG and IgM in Rats Infected with

Klebsiella Pneumoniae

Forty-live Wistar rats (five weeks old) were divided
into two groups. The experimental group of 25 rats
received intraperitoneal injections of PC (800 mg/KG
in a 1 ml volume) on Day 0. The control group of 20
rats received equal volume intraperitoneal injections of
PBS (pH7.2) at the same time. On Day 4, both tht ex-
perimental and the control groups received intravenous
injections of 5 x 10s CFU of Klebsiella penumoniae (Kg).

Results
At the end of six days, only 10 of the rats who re-

ceived PBS were alive compared to 18 alive in the PC
group.

One day after the administration of Klebsiella pneu-
moniae  (K8) the Colony Fomting Units (Logto) per ml
of blood was approximately 4.2 and slowly fell to 3 by
Day 5 in the PBS treated group. The PC group had
essentially the same bacterial load on Day 1, but it rap-
idly decreased to less than one by Day 5. Not only was
the bacterial load less in PC treated animals compared
to PBS treated rats but so was the clearance. By Day 5,
8 of 9 animals tested in the PC treated group had nega-
tive blood cultures compared to 1 of 6 animals in the
PBS group.

The neutrophilia induced by K8 increased from about
1000 PMNs/mms  prior to infection to approximately
3ooO/mm3  24 hours later. PC administration resulted in
a much greater response and appeared to augment the
KS response by a two and one-half fold increase in
circulating PMNs.  At the end of six days, there was no
difference in PMN counts between the groups (PC vs.
PBS). There were no significant changes in IgG or IgM
levels in either group during the course of the study. (It
should be noted that in a single mouse experiment PC
administration resulted in a neutrophilia; PBS and liquid
paraffm did not.)
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Example 6

Effect of PC on Response of Macrophages to
Toxoplasma Gondii Infections

A. Effect of PC on Infection of Murine Macrophages
For four consecutive days, normal CD-l female mice

(8 weeks-old) were inoculated intraperitoneally with
PBS (control), high dose PC (10 m@kg)  or low dose
PC (5 mg/kg).  The mice were sacrificed seven days
later. Adherent peritoneal macrophage monolayers
prepared from each group were challenged with RH
strain toxoplasma tachyzoites (zero time) at a multiplic-
ity of infection ratio of 1:l (parasitcmacrophage).  At 1
and 18 hours after zero time, monolayers were fued and
stained, and then assessed for percent infection (number
of infected macrophages/total  number of macrophages
counted (200)X 100).

Results
The percent infection was not significantly different

between groups at I hour. At 18 hours, however, the
percent infection + SD in the control group was signif-
icantly higher (P 0.05) than in either the high dose
(20.25~1.06)  or the low dose (28.5-+0.0) PC groups.
(See FIG. 3.) (The significance  of the differences be-
tween test and control groups was assessed by chi-
square analysis.)

B. Effect of PC on Intracellular Multiplication of RH
Strain Tachyzoites Within Macrophage  Vacuoles.

Mice were treated with either PBS (control), high
dose PC (10 mg/kg)  or low dose PC (5 mg/kg)  accord-
ing to the protocol outlined in 5A. Seven days later,
macrophage monolayers were prepared from each
group, then infected with RH strain tachyzoites (zero
time) at a multiplicity of infection ratio of I : 1 @arasite:-
macrophage). Eighteen hours after zero time, monolay-
ers were fixed, stained and assessed by light microscopy
for evidence of intracellular multiplication of toxo-
plasma within macrophage vacuoles. Data are ex-
pressed as the percent of infected macrophages with 0,
1 and 3 parasite divisions per vacuole for each group.

Results
The control group revealed significantly (P 0.01)

fewer percent infected macrophages +- SD with no
parasite divisions (22.5kO.71)  than either the high dose
PC group (54.526.36)  or the low dose PC group
(45.5+0.71).  However, the control group had signifi-
cantly (P 0.05) more percent injected macrophages with
1 (77.5-tO.71) or 3 (63.0028.49)  parasite divisions com-
pared with the respective values for the high dose PC
group (1:45.5+_6.36;  3:28.5+3.54)  and the low dose PC
group (1:54.5+0.71;  3:45.5+2.12).  (See FIG. 4.) (The
significance of the differences between test and control
groups was determined by the t-test for summary data.)

Summary of Example 6
Peritoneal macrophages obtained from CD-I mice 7

days after treatment with PC either at high dose or low
dose exhibited: (a) signiticantly reduced infection rates
18 hours after in vitro challenge with RI-I strain toxo-
plasma uchyzoites compared with the controls, and (b)
significantly reduced intracellular replication of the
parasite 18 hours after in vitro infection compared with
the controls.

These data suggest that in vitro treatment of normal
mice with PC has significant direct or indirect effects on
enhancement of macrophage microbicidal activity for
the parasite in vitro. Since macrophages are the single
most crucial element in the cell-mediated immune re-
sponse to this parasite, the data also suggest that PC

12
treatment may significantly affect the course of acute
toxoplasma injection in the normal host as well.

Example 7

5 The Effect of “Local” Versus “Systemic” PC or PBS
on NBT Reduction by Isolated Rat PMNs and

Macrophages

“Local”: Polyvinyl sponges treated with either PBS
1o or PC were implanted under the skin. After 18 hours,

the sponges were removed and PMNs  isolated. Just
prior to sacrifice, PMNs  and peritoneal macrophages
were isolated from blood. NBT (Nitroblue tetraxolium)
Reduction was used to assess microbicidal activity.

15 “Systemic”: Rats were treated with PC or PBS once
4 days prior to sacrifice. Then, I8 hours prior to sacri-
fice, peritoneal macrophages were isolated by 10 mls of
PBS lavage.

Results
20 Table VIII indicates that circulating PMNs  that mi-

grated to the sponge were not affected by the PC and
that if PC leaked out of the sponge, it had no effect on
PMNs  isolated from blood. No differences in NBT
reduction by PMNs or macrophages were observed

25 between PC and PBS treatments,
Table IX demonstrates that rats pretreated with PC

had significantly more active PMNs and macrophages
compared to the PBS treated animals.

Furthermore, as the results are based on a known cell
30 quantity, in PC treated animals the PMNs isolated from
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the sponge showed significantly greater activity than
those isolated from blood.

The same observation holds true for PMNs isolated
from the sponge versus those isolated from the blood in
PBS treated animals. The difference between the two
groups is also statistically significant suggesting that (a)
PMNs  responding to a foreign substance may not be
from the same pool as those circulating in blood; and/or
that (b) more active PMNs (and possibly macrophages)
are attracted to the site of a foreign body (sic. infection);
(c) PC affects different pools of PMN; and (d) PC is
acting on PMN procursors.

Example 8

The Effect of Ingested PC by Normal Healthy Young
Adults on PMN Function

Seven healthy young adults ages 23-35 were fed 27
grams of PC or a placebo per day in three divided doses
for 3 days in a cross-over study. Normally, these indi-
viduals would ingest approximately 4 to 6 grams of
phospholipids per day, not all of which would be PC
derived from soy. Tables X and XI describe briefly the
phagocytosis and %illing” assays.

Bloods were drawn on Days 0.3,7 and 14 and PMNs
isolated according to accepted procedures. Phagocy-
tized Candida albicans  yeast particles were also deter-
mined according to accepted procedures.

Initially, four individuals were fed the PC and three,
the placebo. A two week period of non-testing was
observed at which time the groups were reversed and
those who initially were given PC were given the pla-
cebo, and, conversely, the initial placebo-treated group
was given PC.

Results
The results for the first part of the study are shown on

Tables XII, XIII and XIV. As was anticipated from the
Klebsiella experiment, the effect of PC on phagocytosis
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and “killing” was observed up to 4 days post-ingestion.
By Day 14, the enhanced phagocytosis and “killing”
was inconsistent. These experiments are being contin-
ued to determine more precisely the effects of one feed-
ing versus several, how long the effect lasts, etc.

Example 9

Effects of Soy-Lecithin (PC-95) on Neutrophil (PMN)
Killing of Cundidu Albicuns in AIDS Subjects

5
In summary, PC increases PMN phagocytosis and the

percent of phagocytized Can&&  albicuns killed.

Effect of PC on Arachidonic Acid Concentrations in
PMNs  Before and After Exposure to Condida  AIbicuns

and Relation to PhagocytosWKilling

Since subjects were fed 4 to 5 times the average in-
take of lecithin (a lipid), and since lipid is the most abun-
dant material on all cell membranes, it was important to
determine if any changes in total lipid or fatty acids
occurred in the PMNs of the subjects. The phospholipid
used in these studies is PC with a fatty acid composition
shown in Table XV. It contains principally linoleic acid
(l&2 6) and no arachidonic acid (20:4 6).

These subjects included 3 males and 4 females who
ranged in age from 25 to 45 years old, and who had a
history of intravenous drug abuse. At the time of study,
4 subjects were receiving methadone treatment and

lo three subjects were methadone-free. Four of the seven
had a documented history of oral candid&is. The ex-
perimental design consisted of the oral administration of
18 grams of PC-95 to subjects in a single dose. PC-95 is
a mixture of 95% phosphatidyl choline and 5% phos-

Is phatidyl ethanolamine. Blood samples were drawn pre-
supplementation, and at 48 hours and 72 hours post-sup-
plementation for analysis of PMN killing of C. olbicuns.
The results of assays showed that PMN killing in-
creased significantly over baseline (Table XVIII). In

Initial studies on screening the fatty acid composition 20 three of four methadone treated and one of three metha-
of PMNs  isolated from subjects who had injested PC done-free subjects, the candidicidal activity increased
revealed a notable increase in 20:4 with minimal 48 hours post-supplementation with the remainder of
changes in other fatty acids. Since arachidonic acid the study population showinn the increase in PMN

killing capaciiy 72 hours pos&upplementation.  PMN
25 killing of Candida increased between 200 and 300 per-

cent in each subject (Table XVIII). In four additional
patients not shown in Table XVIII, comparable in-
creases in neutrophil killing of C. albicans were ob-
served. These results suggest significant clinical im-

30 provement may be obtained by PC-95 supplementation.

playsan  essential role in the production of several sub-
stances, such as vasoactive substances and immune
modulators (i.e., prostaglandins and leukotrienes), we
decided to assay the 20:4 levels in PMNs  of the seven
healthy adult subjects fed PC before and after exposure
to Gmdida albicans and correlate changes, if any, in
20:4 with the phagocytic and “killing” results (previous
section). Assays were done on Day 0 (baseline) and on
Days 3 or 4, 7 or 8 and 13 or 14. The subjects reported
on in the section entitled “The Effect of Ingested PC by
Normal Healthy Young Adults on PMN Function”
provided the PMNs making it possible to correlate the
changes in phagocytosis and “killing” by PMNs  with
levels of 20:4 before and after PMN exposure to Con-
dida albicans. Fatty acids were extracted from PMNs
and assayed by GLC according to published methods.

FIG. 5 depicts the concentration (Units, relevant to a
standard) of 20:4 in PMN before (unstimulated) and
after (stimulated) exposure to Cundida albicuns (5 x 106
PMN to 10~ 106 C. albicans) on Day 0 (baseline), 5, 7
and 14 from four subjects: two fed PC and two fed
placebo for only three days. Fatty acid analysis of
PMNs  showed a 2 fold and a 4 to 5 fold increase in
arachidonic acid on Days 5 and 7. respectively, from
baseline values in PC group. No changes were noted
when the individuals were ingesting the placebo. When
these PMNs from PC fed individuals were exposed to
Gmdida albicans the arachidonic levels returned to
baseline levels. Additional data on seven other subjects
is shown in Table XVI. Those results suggested that the
enhanced microbicidal effects of PC may be partly
mediated through this increase in arachidonic acid
which is a precursor of a leukotriene, LTB4, a potent
chemoattractant. There is a significant increase in
LTW  release from PMNs isolated from subjects fed PC
compared to normal individuals ingesting amounts
found in the average American diet. No changes in
arachidonic acid were noted in platelets; however,
there is a need to look at other cell types (e.g., T and B
cells).

Table XVII illustrates the association between the
decrease (change) in PMN 20~4 levels after “stimula-
tion” with Candida  and the percent of phagocytized
Candida killed, the latter data from the previous section
(Table XIV).
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Given  the high recurrence rate of oppo&nistic  infec-
tions in MC and AIDS patients requiring repeated and
costly physician visits and hospitalizations, PC-95 may
be a promising treatment both for producing clinical
improvement and reducing the financial strain on the
medical care system.

EXAMPLE 10

Effects of Oral Soy Phosphatidylcholine Containing
Linoleic Acid as the Fatty Acid Constituent on

Polymorphonuclear Leukocyte (PMNL) Phagocytosis
and Killing of Candidu albicans

Subjects
Eight healthy adult volunteers, six males and two

females, 23-35 years of age, supplemented their normal
diets with either a noodle soup (placebo) or noodle soup
to which 27 grams of soy phosphatidylcholine (PC) was
added. The PC was 95% phosphatidylcholine and 5%
lysophosphatidylcholine; its fatty acid composition is
indicated in Table XIX. The placebo or PC was given
in three divided servings daily for three days in an open
crossover design. Initially, five individuals were fed PC
and three placebo.

Following a two week period without supplementa-
tion, the groups were reversed. The PC provided ap-
proximately 18 grams of linoleic acid and 368 kcal/day.
The placebo provide no linoleic acid and 125 kcal/day.
Blood was drawn prior to the ingestion of the supple-

60 ments and than at four, seven and fourteen days after
initiation of the supplements. In four of these same sub-
jects, after a two week hiatus, 18 grams of PC were
administered in a single feeding and blood was drawn
prior to ingestion and at 48 hours post-ingestion for

65 leukotriene B4 (LTB4).
Separate experiments were done in an open design in

sixteen healthy adult volunteers after informed consent.
Five males and three females, 23-63 years of age, sup-
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plemented their normal diets with a single feeding of 18 Statistics were done utilizing Student t-tests, analysis
grams of PC added to noodles. of variance for four repeated measures and two inde-

Six males and two females, 23-63 years of age, sup- pendent groups, and Pearson correlations, Colton, T.,
plemented their normal diets with a single feeding of 15 Statistics in Medicine. Boston: Little-Brown, (1974).
grams of safllower or soybean oil added to noodles. The 5 RCSUltS
noodles with PC provided 12 grams of LA and 287 kcal Neutrophil Function
whereas the triglycerides, saf?lower  or soybean oil, Phagocytosis by PMNLs from subjects provided 27
provided 12 grams of LA and 260 kcal. Blood was grams of PC for three days increased 1.6 fold @cO.Ol)
drawn at baseline and at 48 hours post-ingestion. at four days, peaked at 2.0 fold @<O.Ol)  times baseline

Analysis IO seven days post-ingestion, and returned to baseline val-
PMNLs were isolated by the method of Boyum, A., ues at day fourteen (Table XX). Similarly, PMNL kill-

&and J C/in Invest 21: 77-89 (1968),  and PMNL phago- ing increased 2.6 fold @<O.OI)  to peak by day four in
cytosis was measured by the method of Bridges, C. G., the PC group, and returned nearly to baseline at four-
et al., NEED JOURNAL 42: 226-33 (1979),  which teen days post-ingestion (T’able XX). Compared with
involves inhibition of H-uridine uptake. PMNL killing IS the subjects provided placebo, the increase in phagocy-
of Cundida olbicam  was determined bv the method of tosis by PMNLs from the PC strouu was hinhlv sianifi-
Levitz, S. M., and Diamond, R. D., J; I&ct Dis, 152(5):
938-45 (1985) utilizing the reduction of tetrazolium
salt. PMNL lipids were extracted by the Folsch tech-
nique, Folsch, J., et al., J. Biol Chem, 226: 497-509
(1957). The addition of an internal standard, Ludi-hep-
tadeconylphosphatidylcholine (Avanti Polar Lipids,
Birmingham, Ala.) to the Folsch extract enabled the
quantative analysis of the phospholipid fatty acids.
Gravimetric analysis of lipid concentration was deter-
mined on an automatic electrobalance (Cahn/Ventron,
Cerritos, Calif.)  following solvent evaporation. The
PMNL lipid extract was then streaked onto a 20X20
cm silica gel-G thin layer plate (Analtech, Inc. Newark,
N.J.). Thin layer chromatography was performed in a
hexanezdiethyl  ether: glacial acetic acid (70:30:1)  sol-
vent system, which separated the major lipid calsses,
phospholipids (origin), unesterifled cholesterol (rF-
0.25) free fatty acids @f-0.45),  triglycerides (r-f-0.68)
and cholesterol esters (rf-O.085).  The phospholipid silica
band was then scraped for the transmethylation process,
Morrison, W., Lloyd, D. 1. Lipid Res, 5: 600-8 (1976).
The sample was subjected to 0.5 ml of boron trifluoride
reagent (Supelco, Bellfonte, Pa.); 0.5 ml of fresh metha-
nol (Fisher Scientific, Medford, Mass.) and then mixed
with a Vortex mixer under nitrogen. This solution was
heated in a steam bath at 80’ C. for one hour to com-
plete rransterification, Metcalfe,  L. D., Schmitz A. A.,
Anal. Chem., 33: 363-4, (1961). To stop the reaction, 1
ml of Hz0 was added. The fatty acid methyl esters were
extracted with 52 ml of hexane (Fisher Scientific, Med-
ford, Mass.). The hexane was then evaporated under
nitrogen in preparation for gas liquid chromatographic
(GLC) analysis. Phospholipid fatty acid methyl esters
from PMNLs were separated using a Varian Model
3700 capillary gas-liquid chromatograph  and a Varian
DS-651 chromatographic workstation (varian  Instru-
ments), Palo Alto, Calif.). The GLC was quipped with
a Supelco 2330 fused silica capillary column (30 me-
tersx0.25 mm I.D., 0.2 micron film) and a flame ioniza-
tion detector (Varian  Instruments. The optimal detec

cant ai days four and seven wcer& killing-was si-wfi-
cantly increased at days four, seven and fourteen post-
ingestion.

20 The results observed on study dav four. one dav after

25

tion conditions were helium carrier gas at a linear veloc-
ity of 20 cm/second and a split ratio of 25:l. The capil-
lary column temperature was 190’ C. with injector and
detector temperatures at 250’ C. LTB4 release was 60
measured after exposure of PMNLs to the calcium iono-
p h o r e ,  A21387,  a n d  t o  N-formyl-methioaylleucyl-
phenylanine (fMLP)  by H radioimmunoassay (Ad-
vanced Magnetics,  Inc., Cambridge, Mass.) according
to the method of Salmon, et al., A Radioimmunoassay 65
for Leukotriene B4. Prostaglandins, 24(2):  225, (1982)
Palmer, R. M. J., Salmon, J. A., Immunology, 50: 65-73,
119x3~
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the last of three days of feeding-27 grams of PC p&da-y,
raised the issue as to whether the effects of three days of
feeding PC were required for the observed effects or
whether similar results in PMNL function could be
observed after a single feeding. Also, were an effect .
observed after a single feeding, the question was raised
as to the minimal time interval for an effect after a single
dose.

In a preliminary experiment in which multiples of 9
grams of PC were given to eight subjects and bloods
drawn at 24 hour intervals, it was found that 18 grams
of PC providing 12 grams of LA was the minimal dose
and 48 hours was the minimal time interval in which an
increase in PMNL lolling was observed (Table XXI).

Arachidonic Acid Composition of Neutrophil
Phospholipids

The phospholipid arachidonic acid (PL-AA) content
of PMNLs from the group fed 27 grams of PC increased
2.9 to 3.7 fold at four and seven days, respectively,
post-PC ingestion (Table XX). A smaller, albeit signifi-
cant, increase of 1.3 fold, was noted 48-hours  post-
ingestion of 18 grams of PC (Table XXI). Compared
with the groups fed placebo or an equal amount of
linoleic acid as &Bower  or soy oil the increases in
PL-AA of PMNLs from the PC groups were highly
signifkant  at 48 hours (Table XXI). No significant
changes were noted in the triglyceride fed groups at
four or seven days post ingestion (Table XX).

Arachidonic Acid Release

The PL-AA release from PMNLs stimulated with
Candida albicam increased 3.2 times that at baseline
@<O.Ol)  at day four post PC ingestion, with a peak
release of 5.3 times baseline (p<O.OOl)  at day seven
(Table XX). Forty-eight hours after a single 18 grams
dose of PC, PL-AA release increased 1.5 times baseline
(Table XXI). There were no significant  changes in
PL-AA release from PMNLs of placebo treated flable
XX) or safflower and soy oil treated subjects (Table
XXI). Both PMNL phagocytosis and killing of Candida
albicans were highly correlated (r=0.872  and r=0.932,
respectively), with PMNL PL-AA release.

Generation of the 5-Lipoxygenase Metabohte LTB4

In response to calcium ionophore, A21387,  LTB4
generation from PMNLs of the subjects fed the 18
grams of PC increased from 14.5 to 56.2 pg/(105
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TABLE V-continued TABLE X

NATURAL KILLER CELL ACTIVITY IN PHAGOCYTOSIS
60 CHILDREN WITH INFECTION PMN (2.0 x Id and  C. Albicans (5 x IO+

(Effector.  Tar&  ratio 12.5~1)
5

Blanks (2) C. Albicons PMNs  & C. Albrcans

Group:

PC
tl=U)control
II=30

Killing -C SE. 1) media
Day 0 Day 3 Day 7 b) PMNs Incubate 1 hour

8.91 2 0.78 14.89 2 I.30 15.44 ? 1.16 W4
<I% CMP 3H-Utidinc

10.64  2 1.19 (30’)  Harvest  cells
10 count

TABLE VI TABLE XI

PHAGOCY-I-IC ACTIVITY AND INTRACELLULAR 15 “KILLING” ASSAY

KILLING BY PMNs FROM NON-INFECTED NORMALS PMN and
Hat “killed” Viable

Percent 2 S.E.
PMN (2.5 x Id)
C AfA (5 x Id, C. Albtianr C. Albicanr

No. of Subjects Phagocytosis
IntracclIular

Killings
Incubate I hour

Wrrh  (3x)
” = 85 43.73 t I 73 85.61 2 1.94 L” 3CQUIH20

l ‘H-Und,m Assay m Mcr,un  study populwm.  StaPhylmww  oumm PUN ntw.
Centrifuge-RausprndNBHincubPte  3 hn~Ccnttifugc

51 Pellet - add 400 ul HCl/lsopropyl akohol
Mix - read at O.D. 570

TABLE VII
PHAGOCYTIC  ACITVITY  OF PMNs  AS ASSESSED

(live C. A/b~can~  WWCN NTB  blue color)

2 5

TABLE XII
BY THE ‘H-URIDINE UPTAKE INHIBITION ASSAY’

% Phagocytosis 2 S E
Phagocytosis (%) of Gwndidcl  AlbicanP  by PMNs

from Healthy  Adults Fed Phosphrtidyl  Choline for Three Days**
Group Day 0 Day 3 Day 7 Days: 0 3-4 7-8
PkCbo 33.45 2 2.85 30.63 t 2.55 28.82 2 1.67 3o PC (4) 34.5 43.5 600
n = 36 (23-56) (32-55) (52-74)
PC 31.98 k 248 42 40 3~ 2.31 36.02 2 2.58 Placebo (3) 30.7 32.3 21.7
l-l=40

Contr0l a.73 I 1.73
(22-32)

*PUN/C.  A/b,conr  (2.5 x Id/J x 109

(31-33) (1627)

TABLE XIII
TABLE VIII Killing (96) of Chdida  A/btcanP by PMNs  from

EFFECT OF “LOCAL” PC OR PBS ON NBT REDUCTION He&h Adults Fed Zhosphatidyl  Choline for Three Days**

BY ISOLATED RAT PMNs  AND MACROPHAGES 40 Days 0 34 7-8

NBT Reduction (O.D.) PC (4) I9 40.2 38.2

White Cell source

( 1 . 5  x  106cek)
PC? PBS’

(6 rats)  - (6 rats)

.

Plrcetm  (3)
(15-22) (28-W (31-43)

35 24.7 31.7
(10-52) (
.._ __.

-11466) (21-44)

PMN$ Rid 065 ,052 4 5  -PUN/C  A/b .1.5 x I d  /I x Id
-..-  -,* ‘3 days_.__-

(.OlI) 6-j (.Oll)
--‘I  8 ,X,-y,

PMNs SDOllJZC 0.083 a47

Macrophages

. w

Peticonul
(.019)
0.238
(043)

(ns)

(ns)

(.012)
.2u

(.om M

W J ml PC (5 mgl PBl/spcw~y  0mplm:ed - 18 hrr)
l Pen,o�d mutop,,,  ObU”Xd  ptl.3,  t0 S&r&X  with 10 mt PBS k.VW (i.p )

TABLE XIV
Percent of Wgocytiml  C. Albicans’

Killed by PMNs  Isolated  from Healthy  Adults
Fed Phkphrtidyl  Choline for Three Days**

Dws: 0 34 7-8

PC (41 6.3 17.8 22.8
TABLE IX

Placebo  (3i
(3.9-8.4) (I 1.9-31.8) (18.0-29.6)

EFFECT OF PC OR PBS ON NBT REDUCTION BY 55
10.4 8.0 8.4

ISOLATED RAT PMNs  AND MACROPHAGES
(3.2-16.7) (3.6-15.2) (4.8-10.2)

_
NBT Reduction (O.D.)

‘PUN/C  Albimnr .2.5 X 106 /5 I d
“11 8 K/&Y/3  d.,5

Whne  Cell SOWCC PC-k  - PBS

PMNs

PMN%

Blood ,074 ,038 TABLE XV
(.012) rig. (.OlO)  60

SDOtlttC 0.132 ,079 FA’I-I-Y  ACID COMPOSITION OF SOY LECITHIN
. ”

f.0151 sin f.cm) SOY LECITHIN
Macrophaees Peritoneal 0.160 ,112’ FAT-I-Y ACID (9% weight)

(.Ol I) sig. (.Ol I) 16:O 12.8
6 5 16:lw7 0.2

18.0 2.9
18:lw6 -
18.1~9 106
18.2~6 65.9
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TABLE XV-continued
FATTY ACID COMPOSITION OF SOY LECITHIN

SOY LECITHIN
FAl-TS  ACID - (% welghr)

18.3w3
2O.lw9
20:4u,b

6.5
0.2
-

TABLE XVI
EfTecr  of Oral PC on Aruhidonic  Acid (20:4)  Levels

of PMNs  and  After Exposure to Gmdido Albicans

Days 0 3-4 7-0

PC (4)
Before

20:4

6.4 10.4
(3.  I-9.0) (3.8-20.6) (5.7

17.3
-29.1)

TABLE XVIII
THE EFFECTS OF SOY-LECITHIN (PC-95)  ON NEUTRO-
PHIL KILLING OF CANDIDA  ALBICANS  IN SEVEN HIV

POSITIVE PATIENTS
5 BASELINE

DAYS . 48 HOURS 72 HOURS

SUBJECT I 10.4% 22 2% 16.5%
SUBJECT 2 lb.31 32.1% 20.4%
SUBJECT 3 11.8% 36.6% 18.3%

10 SUBJECT 4 8.0% 24.9% 14.5%
SUBJEcr  5 19.6% 20.3% 55.1%
SUBJECT 6 47.9% 53.2% 57.1%
SUBJECT 7 31.69r 25.1% 56.7%

.,mcmr  ldlqq  of C dbicm.~  by MTT  rcduwon

15 TABLE XIX
THE FAl-fY  ACID COMPOSITION OF SOY

PHOSPHATIDYLCHOLINE
FAT-I-Y ACID PERCENT(Units)

Change - 3.9 - 8.6 - 15.3
(2.3-6.2) (2.7-15.9) (4.8-28.6) 20 PsImitic  (16~0) 12.8

PIJcebo (3) Pdmitolcic  (16: 1 n7) 0.2 -
Bcforc 4.1 2.6 2.6 Stcaric  (18:O) 2.9

(3.2-5.8) (1.8-3.3) (1.9-3.7) Oleic (IS:1  n9) 10.6
204 Linoleic  (1812  nb) 65.9
(UilltSt Linolenic  (I 8:3 n3) 65
Change - 2 6 -1.8 -I9 Eicosenoic  (20: I 1191 0.2

(I 4-t 1) (1.3-1.5) (I 5-2.5) 25 Arxhidonic (20:4 nb) -
Eicosapenuenoic  (20~5  n3) -

TABLE XX
EFFECTS OF O&AL PHOSPHATIDYLCHOLINE ON NEUTROPHIL

FUNCTION AND ARACHIDONATE IN NORMAL ADULTS*

Phagocytosis  of K~llrng  of Arachrdomc  r&Id  levels Arachidonic  acid rclcax
Candrdo olbrcom (a) Candrda  albrcons  (%J (np/105 PMNL)

Day5 PhCCbO PC Placebo PC Placebo PC PlilCCbO PC
0 25 8 ? 4.1 29.3 f 4 5 15 b + 2.7 lb.0 2 1.2 35 2 8 38 1+ II 25 t 8 23 t 1
4 321 229 48.0 z 5.4 +s 20 2 2 4 9 421-t49+s 29~ II 109 2 25+s 17 I!I 8 74 2 lb+s
7 27 4 z 4.0 59.4 -t 5.2+s 197243 399237+5 19r3 142 f 2b+ + 1: IO -t 3 123  k 26’ + Ii

I4 3142 34 33.0 f 3 9 IIOZ I4 18.6 2 I 4s I7 + 3 42 2 7 8?3 I7 -t 3

*s = 8. P‘. ~0, phc,spba,,d,,cho,,nc.  Vaiun expressed  as mean  = SEM PMSL/Cmdrdo albrmw  = 2.5 x Id3 x IO’

-p < 00, “I brwlmc
‘*P < OCQI  VI  brvhnc
SP < 0.01 \I plrccbo

P < 002,  vs pkebo

TABLE XXI

EFFECTS OF PHOSPHATIDYLCHOLINE OR TRIGLYCERIDE (SAFFLOU’ER  OR SOYBEAN OIL) ON NEUTROPHIL
KILLING OF cOnd/da  albrcans  AND ARACHIDONATE LEVELS’.

Kilhng  of Arxhidonic Arnchidomc
Candida  aibicms*

FIZXC.CllnC

(o/r) (ng/ld  PMNL)

s o PC s o PC SO PC

24.b f 4.4 21.2 + 4.1 28 -t 6 29 k 3 20 ‘- 8 2 1 f 7__...~..
48 hours 18.2 2 1.8 36.8 2 3 7+ + 22 f 3 39 -t 3++ I9 It 3 31 + 4++

l &,th phaphatldylcholmc  and tr@yandcr  prowkd  12 - hn~~~c  xxi. N * I narmrl  dults.  so, mrn0wcr oil  or roybun  oil.  PC. phorphstidykholme.  VJua

TABLE XVII
Assocwion  Between A20.4 md Percent of

Phagocytized  Gndidu  Albicam Killed (% P/K)
Days 0 3-4 7-a

P C  (4)
‘7~ P/K 63 17.8 22 8
A20:4 - 3.9 - 8 . 6 - 15.3
Placebo (3)
vi P/K 104 83 84
A 204 - 2 6 -18 - 2 6

60
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TABLE XXII
GENERATION OF LEUKOTRIENE B4 BY NEUTROPHILS
IN RESPONSE TO CALCIUM IONOSPHORE. A21387.  AND

l-b.41  P*
. . ..I_

A21387 f?V¶IP
(n = 4) (tl c-i,

@g/105  cells)

14.5 f 5.b <0.05
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TABLE XXII-continued

PC . 48 hours 56.2 2 21 4 98 75 2 33.9

l NLP. h’-form,l-meth,onyl-l~“~yl-phcnyl.l~nlnc.  PC. phaphar~dykholmc pre
v⌧kd L( l srnglc  dose I8 gmm, Vkm erprerud  LI mu” 2 SEM
P < 0.01 YI basebnc
P < 0.01 “I buclrnr

I claim:
1. A method of treating Group B Streptococcal infec-

tion in human neonates comprising administering to a
human neonate having Streptococcal infection an effec-
tive therapeutic amount of phosphatidylcholine.

2. A method of prophylaxis of Group B Streptococ-
cal infection in human neonates comprising administer-
ing to a human neonate susceptible to Group B Strepto-
coccal infection an effective prophylactic amount of
phosphatidylcholine.

3. A method of preventing bacteria1 infection in ani-
mal neonates comprising administering to the animal
mother having a bacterial infection or susceptible to a
bacterial infection prior to parturition, an effective
amount of a phosphoglyceride selected from the group
consisting of phosphatidylcholine, phosphatidyletha-

nolamine, phosphatidylserine and phosphatidylinositol,
or mixtures thereof.

4. A method of claim 3, wherein the phosphoglyce-
ride is phosphatidylcholine.

5 5. A method of preventing vertical transmission of
bacteremia from human mother to fetus comprising
administering to the human mother an effective amount
of a phosphoglyceride selected from the group consist-
ing of phosphatidylcholine, phosphatidylethanolamine,

IO phosphatidylserine and phosphatidylinositol, or mix-
tures thereof.

6. A method of claim 5, wherein the phosphoglyce-
ride is phosphatidylcholine.

7. A method of preventing vertical transmission of
15 bactcremia from human mother to fetus comprising

administering to the human mother an effective amount
of a phosphoglyceride containing linoleic acid as the
primary fatty acid constituent.

8. A method of treating bacterial infection in human
20 neonates comprising administering to a human neonate

having bacterial infection an effective therapeutic
amount of phosphoglyceride containing linoleic acid as
the primary fatty acid constituent.
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[571 ABSTRACT

Phosphoglycerides are effective therapeutic and pro-
phylactic agents for bacterial, yeast protistan and viral
infections. This invention discloses use of these phos-
phoglycerides in a variety of therapeutic contexts.
Therapeutic methods of this invention pertain to use of
phosphoglycerides to combat bacterial, yeast protistan,
and viral infections. Phosphoglycerides can be used in
therapy and in prophylaxis of AIDS patients. A pre-
ferred phosphoglyceride is a species of phosphatidyl-
choline in which linoleic acid is the primary fatty acid
constituent.

11 Claims, 5 Drawing Sheets
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PfqOPHYLACTlC  EFFECT OF PC GIVEN TO PREGNANT RATS ON GBS INFECTION
IN THEIR OFFSPRING

a, PC GIVEN TO DAMS n =44

0 SALINE GIVEN TO DAMS n = 39

TIME (HOURS)

FIG. 2
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PREVENTION AND TREATMENI
MICROBIAL INFIXTION BY

PHOSPHOGLYCERIDES

O F

5,135,922

This is a continuation of co-pending application Ser.
No. 07/366,475  tiled on Jun. IS. 1989 which is a con-
tinuation-in-part of 142,522. Jan. 7. 1989 which is a
continuation-in-part of 075,556 Jul. 20 1987, which is a
continuation-in-part of 891,880 Jul. 30, 1986 which is a
continuation-in-part of 620,866 Jun. 15, 1984  now aban-
doned.

FIELD OF THE INVENTION

This invention is in the field of antimicrobial chemo-
therapy and pertains to a method of preventing or treat-
ing infectious disease.

BACKGROUND OF THE INVENTION

Group B Streptococci (GBS) are a major cause of
morbidity and mortality in neonates and in other pa-
tients with compromised host defense mechanisms. The
importance of GBS disease for newborn infants in the
United States was underscored in an NIH sponsored
workshop on Group B Streptococcal Infection. Fisher,
G. S. (1983)J.  Infecr.  Dis. 148. 163-166.

The incidence of GBS disease is estimated at between
2 to 5 cases per 1000 live births. Pass, M.A. (1979) J.
Pediarr. 795, 437-443.  At highest risk are premature
infants. whose birth weight is less than 2500 grams and
infants born to mothers with premature rupture of mem-
branes. Fisher, G. W., supra. Susceptibility to and se-
verity of GBS disease has been associated with several
risk factors including deficient or altered host defense
mechanisms. Hill, H. R. et al. (1979) Pediarrm  64,
5787-5794.  Studies have shown that human neonates
who develop Group B Streptococcal Sepsis usually
lack opsonic antibody to their infecting strain. Opsonic
antibody is antibody that combines with antigen and. . .

S

10
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This invention pertains to a method of therapy or
prophylaxis of bacterial, yeast, protozoan and viral
infections and to novel compositions comprising essen-
tially pure phosphatidyl choline containing only omega-
6 fatty acids, particularly only linoleic acid. The method
comprises administering, in either therapeutic or pro-
phylactic amounts, one or more of the phosphoglyce- _
rides: phosphatidylchohne (lecithin) preferably phos-
phatidycholine containing linoleic acid, phosphatidyl-
ethanolamine, phosphatidylserine or phos-
phatidylinositol.

The method of this invention is founded upon the
discovery that the phosphatidylcholine (PC)-an ubiq-
uitous constituent of biomembranes-protects newborn
animals against mortality which usually results from
Group B hemolytic Streptococcal infection. As ex-
plained, this microorganism is particularly virulent in
newborns. In an experimental model of neonatal sepsis,
in which Group B hemolytic streptococci (GBS) was
the causative agent, phosphatidylcholine proved an
effective therapeutic agent. PC treatment prevented or
delayed the death of newborn rats inoculated with

facilitates ingestion of the antigen by phagocytes. In 40 GBS. A single injection of PC significantly increased
addition, these neonates usually have impaired poiy- the number of newborn rats which survived GBS inoc-
morphonuclear  leukocyte (PMN) function. Hemming. ulation and significantly prolonged the mean survival
V. G. et al. (1976) J. Clin. Invest. 58, 1379-1387; time of the entire treated group.
Shigeoka,  A. S. et ~1. (1979) .I. Pediarr. 95, 454-460. PC was also effective in prophylaxis, that is preven-

Despite aggressive supportive therapy and early insti- 45 tion, of GBS infection. When PC was given prophylac-
tically to pregnant rats, PC reduced mortality in theirtution of appropriate antimicrobial agents, the mortality

rate for early-onset Group B Streptococcal Disease
continues to be in the 25-75s  range. This observation
has prompted considerable interest and research in the
development and use of adjunctive treatment modali-
ties, which focus on improving the host’s immune sta-
tus, including a vaccine for maternal immunization
[Baker, C. J. et al. (1978) J Cfin.  Invest. 61. 1107-I I lo];
the use of ante and intrapartum prophylactic antibiotics;
and various blood components including: whole blood,
polymorphonuclear leukocytes, and immune serum
globulins modified for intravenous use. However, de-

offspring inoculated with GBS. Moreover,. PC pre-
vented weight loss in post-natal rats by enhancing host
defense mechanisms.

so In view of these findings, phosphatidylcholine may
have a role aa a nutritional supplement or as a practical
therapeutic agent, or adjunct, in the treatment and pre-
vention of GBS disease and other infections (e.g. viral,
fungal.  protistan etc.). In principle, other phospho-

S S glyceride constituents of biomembranes are likely to act
similarly. Thus, the phosphoglycerides phosphatidyl-
ethanolamine, phosphatidylserine and phos-

2
tion available as to the role of single or aggregate nutri-
ents on host resistance to GBS disease. Almost any
nutritional deficiency or excess may affect adversely
one or more components of the immune system. Con-
versely the same nutrients that impinge on the immune
system may also be essential for the multiplication and
virulence of certain pathogenic microorganisms.

The need for a safe and effective regimen for prevent-
ing GBS infection in newborns was made evident in a
recent editiorial, “Prevention of Early-Onset Group B
Streptococcal Infection in the Newborn” (1984) Lancer
1, 1056-1058.  In evaluating one potential regimen, anti-
biotic prophylaxis, the author concluded that firm rec-
ommendations as to its use must await further experi-
mentation.

DISCLOSURE OF THE INVENTION

.

ipite such investigative work with animal models of phatidylinositol may also be useful in combating or
disease, the mechanisms of host resistance to GBS have preventing bacterial infection. Also, because the phos-
not been clearly defined. Some strains of GBS appear to 60 phoglycerides may act by stimulating the hosts immune
be more virulent than others. Furthermore, all GBS response to foreign organisms in general, they may be
strains are not uniformly susceptible to the action of effective therapeutic and prophylactic agents for viral
antibody and complement. infection.

Susceptibility to GBS disease, like to other infectious PC and possibly other phosphoglyceride components
diseases, is multi-factorial and impinges on native and 6S  of biomembranes are believed to protect against the
acquired immunity which are influenced by the host’s lethal action of bacteria by promoting the clearance of
genetic constitution, sex. age, and nutritional status. Of these disease-causing organisms by the reticuloendothe-
the aforementioned factors, there is very little informa- lial system (RES) by altering the fluidity, and conse-
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quently the function, of the phagocytic cells (i.e., the
polymorphonuclear leukocytes and macrophages)
which make up the RES. This theory is supported by a
study involving oral ingestion by humans of species of
phosphatidylcholine in which linoleic acid was the pri-
mary fatty acid constituent (e.g., soy phosphatidylcho-
line). The study revealed that the composition and the
concentration of arachidonic acid in polymorphonu-
clear leukocytes from these humans had been modified.
This alternation in membrane lipid composition was
found to occur in conjunction with an increased im-
mune response.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the opsono-phagocytic activity of
PC-treated and untreated neonatal rats infected with
GBS.

FIG. 2 illustrates the increased survival rate of rat
pups whose mothers were treated with PC.

other phagocytic cells. PMNLs and macrophages,
make up the reticula-endothelial system (RES) a “scav-
enger” system which traps, ingests and degrades invad-
ing organisms. Thus. by stimulating the component cells
of the RES, PC may promote clearance of foreign or-
ganisms from host tissues by the RES. Countering this
hypothesis are some observations that simple lipid com-
plexes (cholesterol, oleate. ethyl stereate, and methyl
palmitate) markedly depress the functional activity of
the RES.

PC may also act by modifying surface components of
the bacteria. These modifications may result in in-
creased phagocytic uptake of invading organisms by
host phagocytic cells or they may result in an abatement

IS of the virulence of micro-organisms.
AS determined by a chemiluminescence test for asses-

sing opsono-phagocytic activity of phagocytic blood
cells, PC-treated animals infected with GBS have a
blunted opsono-phagocytic activity. This could mean

FIG. 3 illustrates the effect of phosphatidyl choline 20
(PC) on infection of murine macrophages.

FIG. 4 illustrates the effect of PC on intracellular
multiplication of RH strain tachyzoites within macro-
phage vacuoles.

FIG. 5 illustrates the changes in 20:4 of PMNs before 2~
(unstimulated) and after (stimulated) exposure to Cun-
dida albicuns in four subjects-two fed PC and two fed
olacebo.

that PC masks or alters the immunogenic surface recep-
tars of the injected GBS and this results in a diminished
type specific antibody response to the organism. Alter-
natively. PC may have a paradoxical effect of improv-
ing PMN function on the one hand and of decreasing B _
cell function and antibody production on the other
hand. A role for PC in the inhibition of lectin mediated
blastogenesis has been previously proposed. Chen, S. S.
a n d  Keenan.  R .  M .  ( 1 9 7 7 )  Biochem. Bio&rys.  Rexr
C o m m .  7 9 ,  8 5 2 - 8 5 8 .

. -

BEST MODE OF CARRYING OUT THE
INVENTION

30 As discussed above, in an experimental model of
Group B Streptococcal Disease, phosphatidylcholine

Animal experiments indicate that biomembrane phos- offered protection against a virulent Group B Strepto-
pholipid phosphatidylcholine (PC) is an effective thera- coccal strain. interestingly, these results resemble the
peutic and prophylactic agent for bacterial. yeast and results of previous studies employing blood components
viral infections. The therapeutic efficacy of PC was 35 to protect such animals from Group B Streptococcal
evaluated in an ixperimental  model of neonatal sepsis. Infection. See e.g.. Santos, J. I. et al. (1980) Pediatr, Res.‘
Sepsis  was induced in neonatal rats with a type III GBS 14,  l408-1410. However, because PC has no inhibitory
strain resistant to opsonization. After infection, new- effect on GBS in vitro and actually sustains GBS
born rat pups were randomly assigned to receive equal growth in culture, it is reasonable to speculate that PC
volumes of either saline (controls) or 5 mg of PC. For a 40 enhances the immune response of t,he newborn animal
per& of 30 days after administration of the phospho- to GBS.
lipid, animal mortality was observed. All 35 control The effects of phosphatidylcholine on the immune
animals died. In contrast, six out of thirty-three (18%) system-which is described herein for bacterial and
of the animals that received PC survived. In addition, yeast (Example 7) infections-supports the use of phos-
the cumulative mean survival time was significantly 45 phoglycerides  as a method of therapy and prophylaxis
increased in the PC treated group when compared to for viral infections, as well.
the controls (26 hrs vs 12 hrs). Phosphatidylcholine belongs to a family of phospho-

Prophylactic efficacy of PC was evaluated by admin- glycerides which are found almost entirely in cellular
istering PC to pregnant rats prior to parturition and membranes as constituents of the lipid bilayer. Phospho-
then inoculating offspring with GBS. The survival rate SO glycerides comprise glycerol phosphate, two fatty acid
of pups delivered by PC-treated mothers was greater residues esterified lo the hydroxyl groups at carbons 1
than pups delivered by mothers that did not receive PC. and 2 of glycerol and an alcohol component (e.g. cho-
(230/c  of pups from PC-treated mothers survived
whereas only 2.5% of pups from untreated mothers

line in phosphatidylcholine) whose hydroxyl group is
esterified to the phosphoric acid. Because of the similar-

survived for 72 hours after infection.) PC also prevents 55 ity of structure and function of these compounds, the
vertical transmission of GBS from mother to fetus. therapeutic and protective action manifested by PC
Neonates of infected dams treated with PC were less toward bacterial infection may be common to the
likely to be bacteremic, that is. harbor viable GBS or- group. This is believed to be so particularly for the
ganisms in their tissues. other major phosphoglycerides, phosphatidylethanol-

Because PC is an integral part of biomembranes, two 60 amine, phosphatidylserine and phosphatidylinositol.
mechanisms of action might be proposed. PC might A preferred embodiment of this invention employs a
modulate host immune response by stimulating the species of phosphatidylcholine in which linoleic acid
phagocytic function of polymorphonuclear leukocytes (ClS:Zn-6)  is the primary (preferably the only) fatty
(PMNLs) and macrophages. Phagocytosis is probably acid constituent (e.g. soy phosphatidylcholine). Lin-
influenced by membrane fluidity. Because membrane 65 oleic acid is’an omega-6 fatty acid, as opposed to an
fluidity depends upon its composition. PC, a major omega-3 fatty acid (e.g. marine oils) and is an essential
membrane component. may modify fluidity, and, in dietary nutrient, because it cannot be synthesized by
turn, phagocytosis. Together with reticular cells and mammals but must be obtained from plants. Because
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linoleic acid is the major lipid consumed in conven- example. phosphatidylcholine may be administered
tional Western diets, it is the major fatty acid compris- conjunctively with antibiotics or other anti-microbial
ing the phospholipid bilayer of the cell membranes of agents.
most people who consume a Western diet. The phos- Prophylactic use of the phosphoglycerides is appro-
phatidylcholines containing omega-6 fatty acids can be 5 priate in patients who are at risk of contracting bacterial
synthesized by adding or replacing fatty acids on car- infection. Patients especially susceptible to bacterial
bons 1 and 2 of the glycerol molecule. For example. infection include premature infants, infants born to
fatty acids on carbons 1 and 2 of a glycerol molecule mothers with prematurely ruptured membranes and
can be removed and the phospholipid can be reconsti- persons whose immune system is suppressed or compro-
tuted in the presence of linoleic acid. In addition, phos-  10 mised such as certain cancer patients (e.g. leukemics)  or
phatidylchoiines containing omega-6 can be isolated
from heterogenous preparations of phosphatidylcho-
lines available from commercial sources.

A study, which is described in greater detail in Exam-
ple 7, revealed that in response to a dietary supplement 15
providing a minimum of 18 gms of phosphatidylcholine
containing linoleic acid as the primary fatty acid con-
stituent, but not in response to a placebo, PMNL phos-
pholipid arachidonic acid (C20:4n-6) content increased.
In addition, stimulation of these PMNLs with Con&& 20
albicans resulted in phospholipid arachidonic acid re-
lease which correlated with PMNL killing and phago-
cytosis of the yeast. Further. when these PMNLs were
exposed to a calcium ionophore or N-formyl-methio-
nyl-leucylphenylalanine. the amount of leukotriene B4 25
(LTB4),  an immunosuppressor increased substantially.

I n  constrast, neutral fats providing equivalent
amounts of linoleic acid appeared to have no effect on
PMNL function or PMNL fatty acid composition. This
difference between linoleic acid contained in phospho- 30
lipids and linoleic acid contained in neutral fat is likely
related to the way the body metabolizes and utilizes
linoleic acid from the two different sources. Screw,  R.
O., Stein Y. and Stein L., J. Biof. Chem., 242: 4919-24
(1967); Borgstrom B., Gasrroenrerologv, 78: 954-64 35
( 1 9 8 0 ) .

cancer patients undergoing chemotherapy, persons suf-
fering from Acquired Immune Deficiency (AIDS) or
the aged. In prophylaxis, the phosphoglycerides may be
administered alone or as an adjunct to other forms of
prophylaxis. In particular, the phosphoglycerides can
be be used with other prophylaxis forms in the treat-
ment of AIDS. Vitamin D3 or its active metabolites
such as the hormonal product, 1,25-(OH)2  D3, (HD) can
inhibit Interleukin-2 production and depress T-cell pro-
liferation when T-cells are exposed to mitogen. Nor-
mally, receptors for HD are not present on resting T-
and B-cells but are present on monocytes and malignant
T-lymphocytes. When resting T-cells are exposed to a
mitogen, proliferation and differentiation occurs with
expression of HD receptors. The addition of HD in
pica-molar concentrations inhibits the proliferation of
activated T-cells, presumably by inhibiting the growth
promoting lymphokine, IL-2. Macrophages as well as
T-cells may be infected with the Human-Immunodefi-
cient Virus (HIV). The macrophage  is required for
T-cell activation and may have an important role not
only in promoting the replication of the virus but also in
transmitting virus to resting T-cells. By enhancing mac-
rophage function with, for example, phosphatidylcho-
line treatment and reducing T-cell proliferation by HD
administration, a combined therapeutic regimen of both
phosphatidylcholine/D  would be of value in mitigar-
ing the morbidity associated with the HIV infection.

A important mode of prophylaxis of neonatal sepsis is
treatment of the mother with a prophylactic agent prior
to parturition. As described above. maternal administra-

For example, phospholipids. although comprising
only 5-9s  by weight, form 40-65%  of the outer surface
of chylomicrons. Davenport, H. W. Physiology o/ rhe
Digestive Tracr,  p. 218 et seq., Year Book Medical Pub- 40
lishers, Chicago (1982). This enables an easy exchange
of phosphoiipids with the lipophilic cellular membranes tion of PC effectively protects newborns against GBS
with which they contact. Neutral fats, on the other infection. Thus, the phosphoglycerides may be adminis-
hand, are carried mainly in the triglyceride-rich core tered prophylactically late in pregnancy, either alone or
and cannot exchange as easily. 45 in conjunction with other prophylactic agents (e.g.

The phosphoglycerides may be administered enter- antibiotics) in situations of high risk of neonatal infec-
nally or parenterally. Enteral administration is the pre- tion.
ferred route. As the phosphoglycerides are components The use of phosphoglycerides to combat or ward off
of many foods, they may be administered conveniently bacterial infection has several advantages. Because
by ordering a diet which will supply the appropriate 50 phosphoglycerides are common nutrients, there is mini-
amount of the phosphoglycerides. Alternatively. the ma1 risk of toxicity attendant to their administration. In
phospholipid may be given alone in bolus doses as a addition, as common components of foods. they can be
dietary supplement. administered orally and may be given therapeutically

In situations of acute need, it may be desirable to give by prescribing a diet which provides the desired
the phosphoglycerides parenterally, preferably by intra-  55 amount.
venous infusion. Pharmaceutical compositions may be From a nutritional point of view, PC, in particular,
prepared comprising the phosphoglyceride in a physio- has the potential for being exploited to the benefit of the
logically-acceptable vehicle. For example, a sterile host. In mammalian tissue free choline participates in
emulsion of the phosphoglycerides in phosphate buff- four enzyme-catalyzed pathways: oxidation, phosphor-
ered saline is a suitable composition for infusion. In 60 ylation, acetylation, and base exchange. See Zeigel, S.
general, dosage regimens may be optimized according H. (1981) Ann. Rev. Nutr.  1, 95-121. During periods of
to established principles of pharmacokinetics. rapid growth, large amounts of choline are needed for
As a therapeutic agent, the phosphoglycerides may membrane and myelin synthesis. The ultimate source of

be administered to a patient who has been determined dietary choline is the phospholipid, lecithin. However,
clinically to have contracted a bacterial, yeast or viral 65 the newborn rat is unable to consume choline-contain-
infection. Besides being efficacious therapeutic agents ing foods other than its mother’s milk. It may be possi-
in their own right, the phosphoglycerides may be useful ble to prophylactically increase the plasma choline con-
adjuncts to conventional therapeutic regimens. For centration in the newborn animal by giving a choline-
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rich diet or by administering PC via parenteral  route to
the mothers during pregnancy. Although the placenta is
incapable of taking up lecithin from maternal blood and
transporting it to the fetus. it does possess both passive
and activetransport mechanisms which result in signifi- 5
cant transport of choline from maternal blood into the
placenta. Biezenski, J. et al. (1971) B&him. Biophys.
Acra 230, 92-97.

The invention is further illustrated by the following
examples. 10

EXAMPLES

Example 1

Therapeutic Effect of PC in Neonatal Sepsis

Preparation of Phosphatidylcholine (PC)
I5

Soy lecithin, 95% pure, (Unilever Inc., Valardinger,
Netherlands) was mixed in phosphate buffered saline
(PBS) to a concentration of 250 mg/ml.  This Lecithin
preparation contained 25.84 nanomoles of phos- 20
phatidylcholine per 100 pi of mixture as determined by
thin layer chromatography.

Preparation of Organisms

A human isolate of Group B Streptococci Type III- 25
R, resistant to opsonization’by most antibody contain.
ing serum was cultured in Todd Hewitt (Difco Labora-
tories, Detroit) broth overnight at 37” C., washed, con-
centrated in phosphate buffered saline (PBS) by centrif-
ugation and adjusted to 1 X IO9  cfu/ml  in PBS as previ-
ously described. Hemming. V. E., et al. (1976) J. C/in.
Invesr.  58, 1379-1387.

Neonatal Rat Infections

Sprague Dawley outbred pregnant female rats
(Charles River) and Lewis pregnant female rats were
obtained one week before delivery. The neonatal prog-
eny less than 24 hours old were randomly assigned to
groups and entered into the study. Animals were inocu-
lated intraperitoneally with 0.1 cc of PBS containing
104 streptococci. In the protection studies, the animals
also received separate equal volume injections of saline
or 25.84 nanamoles of phosphatidylchohne immediately
after bacterial inoculation. The rat litters were observed
at six hour intervals for mortality. Surviving rats were
observed for a total of three weeks as previously de-
scribed. Santos, J. I., et al. (1980) fediarr. Res.  14,
1408-1410.

Chemiluminescence Procedure

A chemiluminescence procedure, as modified by
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Selveraj and co-workers, J. Retie. Endoth. Sot.  31 3-16
(1982),  for microquantities of whole blood, was em-
ployed in assessing the opsono-phagocytic activity of
PC-treated and control Lewis rats that survived GBS 55
challenge. Briefly, approximately 0.5 ml of heparinized
whole blood was taken from each rat two weeks post
infection. Total WBC and differential counts were de-
termined on each blood sample. The assay was con-
ducted in the following manner: to an 8 ml vial, the 60
following reagents were added: 0.8 ml of KRB buffer,
1.5 ml sterile distilled water, 2.5 ml I mM luminol (Ko-
dak), 10 ml whole blood, and tinally 150 p1 of an over-
night culture of GBS Type III washed and adjusted to
1 x 10s c.f.u. per ml to achieve a PMh:  particle ratio of 65
1:3ooO.  Blood from each rat was studies in duplicate;
thus two samples from each rat were placed in the scin-
tillation counter. Three background samples with the

particle and chemiluminescence mixture were run with
each assay. The samples were monitored for chemilumi-
nescence  using an LKB Rack Beta 1211 Liquid Scintil-
lation counter. Each sample was counted for 5 seconds
every 6 minutes. The assay was allowed to run for 30
minutes after which time chemiluminescence activity
had peaked and decreased significantly.

Statistical Analysis

Comparison of significance of differences between
survival values in the animal studies were performed by
use of the Fischer exact test.

Results

The survival rate in 35 unprotected (controls) neona-
tal Sprague Dawley rats infected with Type III-R, GBS
was 0. In contrast, 6/33 (18%) of the rats that received
phosphatidylcholine survived (p 0.01). Moreover, the
cumulative means survival time was also significantly
increased in the PC treated group when compared to
the controls (26 hours vs. 12 hours; p 0.01).

Unexpectedly, newborn Lewis rats challenged with
the same strain of GBS and randomized to receive ei-
ther saline (n= 34) or PC (n= 16) all survived. Differ- -
ences in animal strain susceptibility were corroborated
in several experiments. Sprague Dawley rats were uni-
formly susceptible and Lewis rats resistant to this GBS
strain.

The opsono-phagocytic activity of GBS infected
Lewis rats was determined fourteen days post infection
using whole blood and un-opsonized live GBS as the
particle. Depicted in FIG. 1 are the chemiluminescence
(CL) values for rats that were infected and received
either saline or PC and uninfected rats that received
only PC. Animals that received PC had a lower mean
CL response than saline treated controls but both had a
greater response than uninfected animals.

Example 2

Prophylactic Effect of PC

The present study was designed to evaluate the pro-
phylactic effect of PC given to pregnant Sprague Daw-
ley dams on GBS infection in their offspring.

Outbred Sprague Dawley rats (Charles River Breed-
ing Laboratory, Wilmington, MA) were used in all
experiments. Single doses of 250 mg purified phos-
phatidylcholine dissolved in 1 CC of 0.9% saline were
injected intraperitoneally (i.p.) at time intervals ranging
from 120 hours (5 days) to 96 hours (4 days) prior to
parturition. Control animals received equal volume i.p.
injections of saline. After delivery all of the rat pups
ranging in age from 24-36 hours were injected i.p. with
5X 106 c.f.u. of GBS and observed for mortality.

The results presented in FIG. 2 indicated that rat
pups whose mothers were treated with PC had an in-
creased survival rate of IO/44 (23%) versus l/39 (2.5%)
for pups born to saline-treated controls. (PcO.05).

In an additional experiment, nineteen pregnant
Sprague Dawley rats were randomized to receive 500
mg PC (n = IO) or saline (n=9)  i.p. on day 16 of gesta-
tion. All rats were challenged with 109-IOtc  CFU of
GBS type III, 24-48 hours prior to expected delivery.

17/19  (89%) were documented to be bacteremic 24
hours post inoculation. Two PC treated animals and 4
controls died 24-80 hours post inoculation; GBS was
isolated from these animals and their unborn pups.
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Seventy-four pups were born to 8 PC-treated ani-
mals; fifty-one pups to the 5 remaining controls. Pups
were sacrificed and cultured at 4-8 hour intervals fol-
lowing birth. GBS was isolated from liver, spleen,
blood or brain in 15/74  (20%) pups in PC-treated 5
group. In contrast. 19/51 (37%) of saline treated groups
had positive cultures.

These results suggest that prophylaxis with PC, an
important component of all biomembranes, may inter-
fere with the vertical transmission of GBS. Further
investigation of PC interaction with GBS and with
maternal immune function may define its role in the
antepartum management of GBS infected mothers.

Example 3

Effect of PC on Postnatal Rats

This Example illustrates that the effect of PC on
pre-weaned rats includes weight gains that can be at-
tributed to enhanced host defense mechanisms.

A rat litter (N= 13) was randomly assigned to receive
either a single i.p. injection of PC soy lecithin (see Ex-
ample I, above) or 500  mg/kg  of an equivalent control
injection of phosphate buffered saline (PBS). Pups were
allowed to nurse and weighed every two to three days.

The weight distribution for all animals prior to wean-
ing is given in Table I. All animals had similar weight
gain during the first two weeks. Between weeks 2 and 3,
however, the PC treated group gained more weight and
by 21 days post-injection, the mean weight of the PC-
treated group was 39.1&  1.1 grams versus 24.3+ I.2
grams for the control group.

Differences in weight can be attributed to enhanced
host defense mechanisms in the PC-treated group. Al-
though no visible signs of intercurrent illness was noted
for the control group, a sub-clinical infection cannot be
ruled out. These results suggest that PC may be used
prophylactically as a useful nutritional supplement, not
only in rodents, but in humans as well by preventing
weight loss during a period in the neonate when host
defenses are being established.

Example 4

Clinical Trials

Clinical studies were conducted on 76 pediatric pa-
tients admitted to the hospital with viral and bacterial
infections (Table II). Forty randomly selected patients
received lecithin over a period of hospital confinement.
Thirty-six patients were given placebo treatment over
the same period. Blood was drawn on Day 0, 3, and 7.
Lecithin (soy bean lecithin) was administered orally for
three consecutive days (3 equal doses per day for a total
dose of 450-500 mg/kg/day).  Longer periods of admin-
istration can be tested; however, the rat studies sug-
gested that three days of administration should have
some effect. Twenty-six of the experimental group and
25 of the placebo group had bacterial infections; viral
infections in each group numbered 12 and 11, rapec-
tively. Admissions from other causes received treat-
ment with lecithin. Natural killer cell activity, as mea-
sured by sichromium assay and at three different ratios
of effector  cell to target cell, showed lecithin to be a
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potent inducer of NK activity in these patients (Tables
III, IV, V). Table VI and VII show the findings of
phagocytosis and the percent of phagocytosed  bacteria
(intracellular killing) “killed” in 85 normal individuals 65
of ages ranging from 2 years to 39 years of age. With
this assay, approximately 40% of the bacteria are in-
gested and 85%  of these are “killed”. It is clear from

10
Tables XI and XII that both phagocytosis and “killing”
were enhanced by the administration of lecithin. Analy-
sis of Variance indicated a statistically significant effect
of lecithin on NK activity and on phagocytosis and
“killing” by PMNs compared to the placebo group. A
related fmdmg of increased plasma proteins was seen
within the treated group.

An additional child admitted for viral bronchopneu-
monia had a preexisting retinoblastoma and was treated
with lecithin. Within 7 days of the treatment his kill
activity was seen to increase from O-7100  with a con-
comitant rise in WBC from 2320-5600.  The child was
discharged IO days post admission with the pneumonia
resolved. This isolated case is mentioned anecdotally
and not included in the study data. Nonetheless, we
were pleased and impressed with both the clinical out-
come of this boy’s illness and the laboratory data gener-
ated by his admission.

Clearly the dramatic effect of lecithin on the clinical
course and outcome of both bacterial and viral infec-
tions empirically demonstrates the use and value of this
and related molecules.

Example 5

The Effect of PC on Mortality, Bacteremia, White
Blood Counts and IgG and IgM in Rats Infected with

Klebsiella Pneumoniae

Forty-five Wistar rats (five weeks old) were divided
into two groups. The experimental group of 25 rats
received intraperitoneal injections of PC (800 mg/KG
in a I ml volume) on Day 0. The control group of 20
rats received equal volume intraperitoneal injections of
PBS (pH 7.2) at the same time. On Day 4, both the.
experimental and the control groups received intrave-
nous injections of 5 x IO* CFU of Klebsielfa  pneumoniae

uw.

Results

At the end of six days, only 10 of the rats who re-
ceived PBS were alive compared to 18 alive in the PC
group.

One day after the administration of Klebsiello pneu-
moniae (K8) the Colony Forming Units (Logic) per ml
of blood was approximately 4.2 and slowly fell to 3 by
Day 5 in the PBS treated group. The PC group had
essentially the same bacterial load on Day I, but it rap-
idly decreased to less than one by Day 5. Not only was
the bacterial load less in PC treated animals compared
to PBS treated rats but so was the clearance. By Day 5.
8 of 9 animals tested in the PC treated group had nega-
tive blood cultures compared to 1 of 6 animals in the
PBS group.

The neutrophilia induced by KS increased from about
loo0 PMNs/mm3  prior to infection to approximately
3000/mm3 24 hours later. PC administration resulted in
a much greater response and appeared to augment the
K8 response by a two and one-half fold increase in
circulating PMNs. At the end of six days, there was no
difference in PMN counts between the groups (PC vs.
PBS). There were no significant changes in IgG or IgM
levels in either group during the course of the study. (It
should be noted that in a single mouse experiment PC
administration resulted in a neutrophilia; PBS and liquid
paraffin did not.)
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Example 6 enhancement of macrophage microbicidal activity for

Effect of PC on Response of Macrophages to
the parasite in vitro. Since macrophages are the single
most crucial element in the cell-mediated immune re-

Toxoplasma Gondii Infections sponse to this parasite, the data also suggest that PC
A. Effect of PC on Infection of Mutine Macrophages 5 treatment mav significantly affect the course of acute

For four consecutive days, normal CD-1 female mice toxoplasma injection in the normal host as well.

(8 weeks-old) were inoculated intraperitoneally  with
PBS (control), high dose PC (IO mg/kg)  or low dose

Example 7

PC (5 mg/kg).  The mice were sacriticed seven days ,,, The Effect of “Local” Versus “Systemic” PC or PBS
on NBT Reduction by Isolated Rat PMNs  and

Macrophages
later. Adherent peritoneal macrophage monolayers ‘”
prepared from each group were challenged with RH
strain toxoplasma tachyzoites (zero time) at a multiplic-
ity of infection ratio of 1:1 (parasite:macrophage).  At 1
and I8 hours after zero time, monolayers were fixed and ,s
strained, and then assessed for percent infection (num-
ber of infected macrophages/total  number of macro-
phages counted (200) x 100).

“Local”: Polyvinyl sponges treated with either PBS
or PC were implanted under the skin. After I8 hours,
the sponges were removed and PMNs  isolated. Just
prior to sacrifice, PMNs and peritoneal macrophages
were isolated from blood. NBT (Nitroblue tetrazolium)
Reduction was used to assess microbicidal activity.

“Systemic”: Rats were treated with PC or PBS once
4 days prior to sacrifice. Then, I8 hours prior to sacri-
fice, peritoneal macrophages were isolated by IO mls of
PBS lavage.

Results

The percent infection was not significantly different
between groups at I hour. At 18 hours, however, the
percent infection*SD  in the control group was signifi-
cantly higher (P 0.05) than in either the high dose
(20.25rtl.06)  or the low dose (285~0.0)  PC groups.
(See FIG. 3.) (The significance of the differences be.
tween test and control groups was assessed by chi-
square analysis.)

B. Effect of PC on Intracellular Multiplication of RH
Strain Tachyzoites Within Macrophage  Vacuoles

Mice were treated with either PBS (control). high
dose PC (10 mg/kg)  or low dose PC (5 mg/kg)  accord-
ing to the protocol outlined in 5 A. Seven days later,
macrophage monolayers were prepared from each
group, then infected with RH strain tachyzoites (zero
time) at a multipiicity of infection ratio of I:1 (parasite:-
macrophage). Eighteen hours after zero time, monolay-
ers were lixed, stained and assessed by light microscopy
for evidence of intracellular multiplication of toxo-
plasma within macrophage vacuoles. Data are ex-
pressed as the percent of infected macrophages with 0,
1 and 3 parasite divisions per vacuole for each group.

Results

The control group revealed significantly (P 0.01)
fewer percent infected macrophages 2 SD with no para-
site divisions (22.5+0.71)  than either the high dose PC
g r o u p  (54.526.36) o r  t h e  l o w  d o s e  P C  g r o u p
(45.5kO.71).  However, the control group had signifi-
cantly (P 0.05) more percent injected macrophages with
1 (77.5kO.71)  or 3 (63.oOk8.49)  parasite divisions com-
pared with the respective values for the high dose PC
group (1:45.5+6.36;  3:28.5+3.54)  and the low dose PC
group (1:54.5+0.71;  3:45.5+2.12).  (See FIG. 4.) (The
significance of the differences between test and control
groups was determined by the t-test for summary data.)

Summary of Example 6

Peritoneal macrophages obtained from CD-l mice 7
days after treatment with PC either at high dose or low.._
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dose exhibited: (a) significantly reduced mfection rates
18 hours after in vitro challenge with RH strain toxo-
plasma tachyzoites compared with the controls, and (b)
significantly reduced intracellular replication of the
parasite 18 hours after in vitro infection compared with 65
the controls.

These data suggest that in vitro treatment of normal
mice with PC has significant direct or indirect effects on

Results

Table VIII indicates that circulating PMNs  that mi-
grated to the sponge were not affected by the PC and
that if PC leaked out of the sponge, it had no effect on
PMNs isolated from blood. No differences in NBT
reduction by PMNs or macrophages were observed
between PC and PBS treatments.

Table IX demonstrates that rats pretreated with PC
had significantly more active PMNs and macrophages
compared to the PBS treated animals.

Furthermore, as the results are based on a known cell
quantity, in PC treated animals the PMNs isolated from
the sponge showed significantly greater activity than
those isolated from blood.

The same observation holds true for PMNs isolated
from the sponge versus those isolated from the blood in
PBS treated animals. The difference between the two
groups is also statistically significant suggesting that (a)
PMNs responding to a foreign substance may not be
from the same pool as those circulating in blood; and/or
that (b) more active PMNs (and possibly macrophages)
are attracted to the site of a foreign body (sic. infection);
(c) PC affects different pools of PMN; and (d) PC is
acting on PMN precursors.

Example 8

The Effect of Ingested PC by Normal Healthy Young
Adults on PMN Function

Seven healthy young adults ages 23-35 were fed 27
grams of PC or a placebo per day in three divided doses
for 3 days in a cross-over study. Normally, these indi-
viduals would ingest approximately 4 to 6 grams of
phospholipids per day, not all of which would be PC
derived from soy. Tables X and XI describe briefly the
phagocytosis and “killing” assays.

Bloods were drawn on Days 0,3,7 and 14 and PMNs
isolated according to accepted procedures. Phagocy-
tired Candida afbicans yeast particles were also deter-
mined according to accepted procedures.

Initially, four individuals were fed the PC and three,
the placebo. A two week period of nontesting was ob-
served at which time the groups were reversed and
those who initially were given PC were given the pla-
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cebo, and. conversely. the initial placebo-treated group there is a need to look at other cell types (e.g., T and B
was given PC. cells).

Results

The results for the first part of the study are shown on
Tables XII. XIII and XIV. As was anticipated from the
Klebsiella experiment. the effect of PC on phagocytosis
and “killing” was observed up to 4 days post-ingestion.
By Day 14, the enhanced phagocytosis and “killing”
was inconsistent. These experiments are being contin-
ued to determine more precisely the effects of one feed-
ing versus several, how long the effect lasts, etc.

Table XVII illustrates the association between the
decrease (change) in PMN 20:4 levels after “stimula-

5 tion” with Candida  and the percent of phagocytized
Candida  killed, the latter data from the previous section
(Table XIV).

Example 9

10 Effects of Soy-Lecithin (PC-95) on Neutronhil CPMN)
Killing of Candida  Albicans in AIDS Subjects

In summary, PC increases PMN phagocytosis and the
percent of phagocytized Cundidu ulbicans  killed.

Effect of PC on Arachidonic Acid Concentrations in
I5

These subjects included 3 males and 4 females who
ranged in age from 25 to 45 years old, and who had a
history of intravenous drug abuse. At the time of study,
4 subjects were receiving methadone treatment and
three subjects were methadone-free. Four of the seven
had a documented history of oral candidiasis. The ex-
perimental design consisted of the oral administration of
I8 grams of PC-95 to subjects in a single dose. PC-95 is
a mixture.of  95% phosphatidyl choline and 5% phos-
phatidyl ethanolamine. Blood samples were drawn pre-
supplementation, and at 48 hours and 72 hours post-sup-
plementation for analysis of PMN killing of C ulbicuns. _
The results of assays showed that PMN killing in-. ..- .

PMNs Before and After Exposure to Candida Albicans
and Relation to PhagocytosiUKilling

Since subjects were fed 4 to 5 times the average in-
take of lecithin (a lipid), and since lipid is the most abun- 20
dant material on all cell membranes, it was important to
determine if any changes in total lipid or fatty acids
occurred in the PMNs of the subjects. The phospholipid
used in these studies is PC with a fatty acid composition
shown in Table XV. It contains principally linoleic acid 25
(l8:2 6) and no arachidonic acid (20:4 6).- creased agmficantly  over baseline (Table XVIII). In

three of four methadone treated and one of three metha-
done-free subjects, the candidicidal activity increased
48 hours post-supplementation with the remainder of

30 the study population showing the increase in PMN
killing capacity 72 hours post-supplementation. PMN
killing of Candida increased between 200 and 300 per-
cent in each subject (Table XVIII). In four additional
patients not shown in Table XVIII, comparable in-

35 creases in neutrophil killing of C. ulbicuns were ob-
served. These results suggest signiticant  clinical im-
provement may be obtained by PC-95 supplementation.
Given the high recurrence rate of opportunistic infec-
tions in AAC and AIDS patients requiring repeated and

40 costly physician visit: and hospitalizations, PC-95 may
be a promising treatment both for producing clinical
improvement and reducing the financial strain on the
medical care system.

Initial studies on screening the fatty acid composition
of PMNs isolated from subjects who had injested  PC
revealed a notable increase in 20:4 with minimal
changes in other fatty acids. Since arachidonic acid
plays an essential role m the production of several sub-
stances, such as vasoactive substances and immune
modulators (i.e., prostaglandins and leukotrienes), we
decide to assay the 20:4 levels in PMNs of the seven
healthy adult subjects fed PC before and after exposure
to Cundidu ulbicbns  and correlate changes, if any, in
20:4 with the phagocytic and “killing” results (previous
section). Assays were done on Day 0 (baseline) and on
Days 3 or 4, 7 or 8 and 13 or 14. The subjects reported
on in the section entitled “The Effect of Ingested PC by
Normal Healthy Young Adults on PMN Function”
provided the PMNs making it possible to correlate the
changes in phagocytosis and “killing” by PMNs with
levels of 20:4 before and after PMN exposure to Cun-
didu albicuns. Fatty acids were extracted from PMNs
and assayed by GLC according to published methods.

FIG. 5 depicts the concentration (Units, relevant to a
standard) of 20:4 in PMN before (unstimulated) and
after (stimulated) exposure to Cundidu uIbicuns (5 x 103
PMN to 10~ 106  C. olbicuns)  on Day 0 (baseline), 5, 7
and 14 from four subjects: two fed PC and two fed
placebo for only three days. Fatty acid analysis of
PMNs  showed a 2 fold and a 4 to 5 fold increase in
arachidonic acid on Days 5 and 7, respectively, from
baseline values in PC group. No changes were noted
when the individuals were ingesting the placebo. When
these PMNs from PC fed individuals were exposed to
Cundidu ulbicuns the arachidonic levels returned to
baseline levels. Additional data on seven other subjects
is shown in Table XVI. Those results suggested that the
enhanced microbicidal effects of PC may be partly
mediated through this increase in arachidonic acid
which is a precursor of a leukotriene, LTB4, a potent
chemoattractant. There is a significant increase in
LTB4 release from PMNs isolated from subjects fed PC
compared to normal individuals ingesting amounts
found in the average American diet. No changes in
arachidonic acid were noted in platelets; however,

.

45 Example 10

Effects of Oral Soy Phosphatidylcholine Containing
Linoleic Acid as the Fatty Acid Constituent on

Polymorphonuclear Leukocyte (PMNL) Phagocytosis
and Killing of Candida  albicans

50 Subjects

Eight healthy adult volunteers, six males and two
females, 23-35 years of age, supplemented their normal
diets with either a noodle soup (placebo) or noodle soup

55 to which 27 grams of soy phosphatidylcholine (PC) was
added. The PC was 95% phosphatidylcholine and 5%
lysophosphatidylcholine; its fatty acid composition is
indicated in Table XIX. The placebo or PC was given
in three divided servings daily for three days in an open

60 crossover design. Initially, five individuals were fed PC
and three placebo.

Following a two week period without supplementa-
tion, the groups were reversed. The PC provided ap-
proximately 18 grams of linoleic acid and 368 kcal/day.

65 The placebo provide no linoleic acid and 125 kcal/day.
Blood was drawn prior to the ingestion of the supple-
ments and than at four, seven and fourteen days after
initiation of the supplements. In four of these same sub-
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jects, after a two week hiatus. 18 grams of PC were LTB4 release was measured after exposure of PMNLs
administered in a single feeding and blood was drawn to the calcium ionophore. A21387. and to N-formyl-
prior to ingestion and at 48 hours post-ingestion for methionylleucyl-phenylanine (fMLP) by H radioimmu-
leukotriene B4 (LTB4). noassay  (Advanced Magnetics.  Inc.. Cambridge. MA)

Separate experiments were done in an open design in 5 according to the method of Salmon, et al., A Radioim-
sixteen healthy adult volunteers after informed consent.
Five males and three females. 23-63 years of age. sup-

munoassay for Leukotriene B4. Prostaglandins, 24(2):
225, (1982).  Palmer. R. M. J., Salmon, J. A., immunol-

plemented their normal diets with a single feeding of I8 ogv, 50: 65-73, (1983).
grams of PC added to noodles. Statistics were done utilizing Student t-tests, analysis

Six males and two females, 23-63 years of age, sup- 10 of variance for four repeated measures and two inde-
plemented their normal diets with a single feeding of IS
grams of safflower or soybean oil added to noodles. The

pendent groups, and Pearson correlations, Colton, T.,

noodles with PC provided 12 grams of LA and 287 kcal
Statistics in Medicine. Boston: Little-Brown, (1974).

whereas the triglycerides, safflower or soybean oil, Results
provided I2 grams of LA and 260 kcal. Blood ~85 I5
drawn at baselme and at 48 hours post-ingestion.

Neutrophil Function

Phagocytosis by PMNLs from subjects provided 27
Analysis grams of PC for three days increased 1.6 fold (p<O.Ol)

PMNLs were isolated by the method of Boyum, A., at four days, peaked at 2.0 fold (p<O.OI)  times baseline

Scund J Cfin Invest 2 1: 77-89 (1968). and PMNL phago- 20 seven days post-ingestion, and returned to baseline val-

cytosis was measured by the method of Bridges, C. G., ues at day fourteen (Table XX). Similarly, PMNL-kill-

et al., NEED JOURNAL 42: 226-33 (1979)  which ing increased 2.6 fold (p<O.Ol) to peek by day four in

involves inhibition of H-uridine uptake. PMNL killing the PC group, and returned nearly to baseline at four-

of Cundidu olbicuns  was determined bv the method of teen days post-ingestion (Table XX). Compared with

Levitz, S. M., and Diamond, R. D., J. I&cr Dis, 152(S):
938-45 (1985) utilizing the reduction of tetrazolium
salt. PMNL lipids were extracted by the Folsch tech-
nique, Folsch, J., et al., J. Biol Chem, 226: 497-509
(1957). The addition of an internal standard. Lu-di-hep-
tadeconylphosphatidylcholine (Avanti Polar Lipids,
Birmingham, AL) to the Folsch extract enabled the
quantative analysis of the phospholipid fatty acids.
Gravimetric analysis of lipid concentration was deter-
mined on an automatic electrobalance (CahnNentron,
Cerritos, CA) following solvent evaporation. The
PMNL lipid exfract  was then streaked onto a 20X20
cm silica gel-G thin layer plate (Analtech, Inc. Neward,
NJ). Thin layer chromatography was performed in a
hexane:diethyl ether: glacial acetic acid (70:30:1)  sol-
vent system, which separated the major lipid calsses,
phospholipids (origin), unesterilied cholesterol
(rF=0.25),  free fatty acids (rf=0.45),  triglycerides
(rf=0.68)  and cholesterol esters (rf=O.OBS).  The phos-
pholipid silica band was then scraped for the transmeth-
ylation process, Morrison, W., Lloyd, D. J. Lipid Res, 5:
600-B (1976). The sample was subjected to 0.5 ml of
boron trifluotide reagent (Supelco, Bellfonte, PA); 0.5
ml of fresh methanol (Fisher Scientific, Medford. MA)
and then mixed with a Vortex mixer under nitrogen.
This solution was heated in a steam bath at 80’ C. for
one hour to complete transteritication, Metcalfe, L. D.,
Schmitz A. A., Anof. Chem.,  33: 363-4, (1961). To stop
the reaction, 1 ml of Hz0 was added. The fatty acid
methyl esters were extracted with 52 ml of hexane
(Fisher Scientific, Medford,  MA). The hexane was then
evaporated under nitrogen in preparation for gas liquid
chromatographic (GLC) analysis. Phospholipid fatty
acid methyl esters from PMNLs were separated using a
Varian Model 3700 capillary g,as-liquid chromatograph
and a Varian  DS-651 chromatographic workstation
(Varian Instruments), Palo Alto. CA). The GLC was
equipped with a Supelco 2330 fused silica capillary
column (30 meters~0.25 mm I.D., 0.2 micron film) and
a flame ionization detector (Varian Instruments. The
optimal detection conditions were helium carrier gas at
a linear velocity of 20 cm/second and a split ratio of
25:l. The capillary column temperature was 190’ C.
with injector and detector temperatures at 250” C.

25 the subject; provided placebo, the increase ib phagocy-
tosis by PMNLs from the PC group was highly signifi-
cant at days four and seven whereas killing was signifi-
cantly increased at days four, seven and fourteen post-
ingestion.

30 The results observed on study day four, one day after
the last of three days of feeding 27 grams of PC per day,

35

40

45

50

55

60

65
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raised the issue as to whether the effects of three days of
feeding PC were required for the observed effects or
whether similar results in PMNL function could be
observed after a single feeding. Also, were an effect
observed after a single feeding, the question was raised
as to the minimal time interval for an effect after a single
dose.

In a preliminary experiment in which multiples of 9
grams of PC were given to eight subjects and bloods
drawn at 24 hour intervals, it was found that 18 grams
of PC providing 12 grams of LA was the minimal dose
and 48 hours was the minimal time interval in which an
increase in PMNL killing was observed (Table XXI).

Arachidonic Acid Composition of Neutrophil
Phospholipids

The phospholipid arachidonic acid (PL-AA) content
of PMNLs from the group fed 27 grams of PC increased
2.9 to 3.7 fold at four and seven days, respectively,
post-PC ingestion (Table XX). A smaller, albeit signifi-
cant, increase of 1.3 fold, was noted 48-hours  post-
ingestion of 18 grams of PC (Table XXI). Compared
with the groups fed placebo or an equal amount of
Iinoleic acid as s&lower  or soy oil the increases in
PL-AA of PMNLs from the PC groups were highly
significant at 48 hours (Table XXI). No significant
changes were noted in the triglyceride fed groups at
four or seven days post ingestion (Table XX).

Arachidonic Acid Release

The PL-AA release from PMNLs stimulated with
Cundidu albicuns, increased 3.2 times that at base-line
@<O.Ol)  at day four post PC ingestion, with a peak
release of 513 times baseline (p<O.OOl) at day seven
(Table XX). Forty-eight hours after a single 18 gram
dose of PC, PL-AA release increased I.5 times baseline
(Table XXI). There were no significant changes in
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PL-AA release from PMNLs of placebo treated (Table
XX) or samower  and soy oil treated subjects (Table

sidered to be within the scope of this invfention.  and are

XXI). Both PMNL phapocytosis and killing of Con&do
covered by the following claims.

albicans  were highly correlated (r =0.872  and r =0.932, TABLE I

respectively), with PMNL PL-AA release. 5 WEIGHT GAIN IN NEWBORN WSTAR  RATS

Generation of the 5Lipoxygenase  Metabolite LTB4
TREATED WITH PHOSPHATIDYL-CHOLINE

(MEAN z SD GRAMS1

In response to calcium ionophore. A21387,  LTB4 TREATMENT (SINGLE DOSE lp)

generation from PMNLs of the subjects fed the 18 DA)’ PBS CONTROL fn 6) PC 95 In-?) P
grams of PC increased from 14.5 to 56.2 pg/(105 10 0
PMNL) at 48 hours. In response to MLP,  LTB4 in-

8.6 -t 0.3 9 I 2 0.4 NS
2 9.8 2 0.3 10.4 2 0.6

creased from <0.05  pg/(lOs PMNL) to 98.75 pg/(lOs
NS

5 II 9 l?r 0.4 12.4 ” 04 NS
PMNL), (Table XXII)yThe  PMNLs from one non-sup.
plemented subject showed no increase in LTB4 genera-
tion when stimulated with either A21387 or MLP.

7 14.9 + 0.5 15.4 _i 0.4 NS
9 17.9 f 0 8 18.7 r 0.7 NS

IS II 20.5 f 0 7 21.1 2 0.8 NS
I4 20.2 2 1.0 31.2 5 0 7 0.001
16 21.9 r 1.1 35.8 f 1.1 0.001
I9 24.3 k I.2 39.1 2; 1.1 0.001
50 123.0 r 6.5 151.0 2 16.4 001

Conclusions

The results of these studies on humans and animals
indicate that the administration or ingestion of PC (1)
has long lasting effects, at least up to 4 days or longer
post feeding or administration: (2) has beneficial effects
in both children with bacterial and viral infections and
in animals made septic; (3) is effective in the prevention
and treatment of neonatal morbidity and mortality due
to 7: gondir, K. pneumoniae. C. albicans and streptococ-
cal infections and thus to other bacterial. viral and pro-
tozoan infections; (4) increases the level of PMN arachi-
donic acid, presumably in the membrane. and that the
enhancement of microbicidal activity of PMNs and
macrophages seen in animals and humans fed PC is
likely due to an increase in the precursor, arachidonic
acid, of the leukotriene. LTB4; and (5) increases PMN
and macrophage  microbicidal activity as well as cellular
and humoral  responses. Dietary lipids and/or choles-
terol in various quantitative and qualitative levels can
alter the composition of the lipid membrane of all cells
resulting in changes in structure and function. Knowing
the rate at which cells differentiate, proliferate and
depending on their half-life, the lipid composition of
host defense cells can be altered by proper dosing (feed-
ing) with PC, qualitatively and quantitatively, causing
them to be more active resulting in lessening the mor-
bidity and mortality of bacterial and viral infections in
animals and humans. Furthermore, the data demon-
strates that we can enhance the production of a leuko-
triene.  LTB4, as well as enhance phagocytosis and in-
tracellular killing by polymorphonuclear leucocytes
and macrophages.

As with most intracellular pathogens-including
HIV (AIDS virus)-replication, and thus severity of
disease, occurs within the cell by altering receptor sites,
rigidity (or fluidity) and function of cells. For example,
the malaria parasite replicates within the red cells by
causing perturbations in the lipid membrane of the RBC
both in a qualitative and quantitative sense as does Toxo-
plasma gondi in macrophages. Macrophages play a key
role in amplifying both cell mediated and humoral  re-
sponses to infection and in disposing of foreign and
infected cells.

These studies suggest that PC can diminish/suppress
the conversion of AIDS positive individuals to clinical
disease.

Equivalents

Those skilled in the art will recognize, or be able to
ascertain, using no more than routine experimentation,
numerous equivalents to the specific substances and
procedures described herein. Such equivalents are con-

20

CLINICAL AND LABORATORY CHARACTERISTICS
OF STUDY GROUPS ON ADMISSION

Pr0tOCd
Lemhm PlXChn

40 36
21 I9
I9 I7

Mean f S E 66 2 II 3 40 z 9 I!
Range 5-192 6-180
Fever: mean ‘C a S E. 33 31 2 0.14 38.53 t 0 1 4
Total H.BC  2 S E 12.203 I I.490 15.668 c 1,453
lnfecuons

3s
Baclenal 26 25
Vd I? II
Other 2 0

40 TABLE III

4s

50

NATURAL KILLER CELL ACTIVITY IN
60 CHILDREN WITH INFECTION

(Effector.  Target’  ram 5O:l)

S Kilhng  I S.E

Group Day 0 Day 3 Day 7

Placebo 19.78 z I.10 1833 2 I.18 20.09 r I.16
n = 30
PC 18.89 2 1.09 2601 -t I.15 28.78 2 1.52
” = 30
GJnrro1 20.67 2 1.69
n = 30

35 TABLE IV

60

65

NATURAL KILLER CELL ACTIVITY IN
60 CHILDREN WITH INFECTION

@3Tector:  Target’  ratio  25 I)

% Killing 2 SE

Group: Day 0 Day 3 Day 7

Placebo 13.42 ” 0.89 13.19 * 0.75 14.03 2 0.80
” = 30
PC 1361  5 076 2096 t 1.33 22.49 2 1.29
n = 30
control 13.85  2 135
n = 30
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TABLE V

NATCRAL KILLER CELL ACTI\ITY IN
bo CHILDREN U’ITH INFECTION

(EfIector Tsrw* ratlo  12.5. I)
5

Q Klllmp  = SE.

GKNp Da) 0 Da> 3 Da> ’

Pl.3CCbd a 9! - - 084 8.56 2 0.88 IO I? = 1 M
n = 30
PC 89i 2 078 14.89 i 1.30 IS.44 -c 1.16 IO
n = 30
control 1064 2 1.19
n = 30

‘Target  K561  lbhour  “Cr rclux usa,

TABLE IX-continued
EFFECT OF PC OR PBS OS NET REDUCTION BY’

ISOLATED RAT PM%  AND MACROPHAGES
NET Reduaion  (0 D )

White  Cell SOWCe PC-1.p. PBS

(011, w (.Ol I I
NBT Rcductton  Mean ,= 5 E , (1 5 . IO’cclh,
PC c I ml1 KU me/Kg or PBS (I ml, on da! 4. Sponge Implanted I8  hrr
Pcn~oncal  ccll~  obumcd  pnor 10  wcnficc with IO ml ol PBS Irva~c (8 p )
P= <05

TABLE X

15
TABLE VI

PHAGOCYTIC ACTIVITY AND INTRACELLULAR
KILLING BY PMNs FROM NON-INFECTED NORMALS*

Percent lr S E.
Intr&xllular 20

No of SubJcctS Phagocycosts Kllllngh

n = 85 43 73 z I 7.1 8561 z 194

l ‘H-Lndmc  Ama>  m Mcr~can  stud?  ~pulalm

PHAGOCYTOSIS
PMN (2.0 > IO5 ) and C. dbicms  (5 x I@)

Blanks (2) C. olbrconr PUNS & C. olbicans

(a)  medm
(b) PMNs Incubate 1 hour

(add)
<I% CMP ‘H-Uridinc

(30’)  Harvrsc  cells .

TABLE X1
25 “KILLING” ASSAl’

20

TABLE VII
PHAGOCYTIC ACTI\‘ITY  OF PMNs  AS ASSESSED

BY THE 3H.URIDINE  UPTAKE INHIBITION ASSAY*
e

Group Da> 0 Da) 1 Da> 7

PlXCbC 33.45 I 2.8’ 30.63 = 2.55 28.82 f I 67
n = 36
PC 3198 I 248 42.40 f 2 31 36.02 t 2 58

l-l=40

Conlrol 46.73 r 1.72

n = 85

TABLE VIII

PMN (2 5 x 105)
C. o/b.  ( 5  Y 105)

PMN and
Heal  “kdled”

C. olbrconr

Viable
C. olbrcons

30
Incubate I hour

Wash (3 x I
300 ul H2d

Gntnfugc-Resuspend  (NTB)-(mcubare  3 hi-s)-Centnfugr
Pcllel  - add 400  ul HCl/lsopropyl  alcohol

MIX - read at 0 D 570

TABLE XII
Phagocytosls  (rlr I of Candrda  olbrcad  by PM!%  f;om

Health)  Adults Fed Phorphatidyl Cholme  for Three Dayc**

40 Da>5 0 34 7 - 6

PC (4)

Placebo (3)

34.5 43.5 60.0
(23-56) (32-55, ( 5 2 - 7 4 )

30 7 32.3 21.7
EFFECT OF “LOCAL” PC OR PBS ON NBT REDUCTION (22-321 (31-33) (lb;27)

BY ISOLATED RAT PMNs  AND MACROPHAGES ‘PMN/C  olbtcanr  2 5 x loo/5 A IO*

NBT Reducnon  (0.D.) 45 “21 g PC/day/l  da,r

(I s x lo6 cells) -
PC’ PBS’ TABLE XIII

White Cell source (6 rats) (6 rats)

PMNr Blood .ob5 ,052
(.Ol I) (ns) (.Oll)

PMNs Spew 0.083 ,047
(.019) w (.012)

Macrophagn Peritoneal 0.238 ,244
(043) (nr) (.ob?)

W.5 ml PC (5 mgt

TABLE IX

EFFECT OF PC OR PBS ON NBT REDUCTION BY
ISOLATED RAT PMNs  AND MACROPHAGES

NBT Rcducr~on  f0.D.)
White Cell source PC-1.p - PBS

PM% Blood .074 ,038
(012) =e (010)

PMNs SpoWG 0 132 ,079
(.OIS) w! (009)

Macrophages Pentoneal 0.160 .I I2

50

55

60

65

Killmn  f%) of Candida  albrcans’ bv PMNs  from~
Health  Ad& F’cd Phosphatidyl  Choline for Three Days**

Days 0 3-4 7-8

PC (4) (l5z2, 40.2 38.2
(28-w (31-43)

Placebo (3) 35 24.7 31.7
(W-52)

‘PUN/C. alb. 2 . 5  x Id/5 x Id
“17 g PC/&y/3  days

TABLE XIV
Pcrcenc  of Phagocytized  C. albrcan?  Killed by PMNs  Isolated

from Hulthy  Adults Fed Phorphatidyl  Chobnc  for Three  Days**
Day5 0 3-4 7-8

PC (41 6.3 I7 8 22.0
(3.9-8  4) (11.9-31 8) (18.0-29.6)

Placebo (3) 1 10.4 8.0 8.4
0.2-16.7) (3 b-15.2) (4.8-10.2)

‘PMS c  c2lbK0”~  ? 5  ,  loo/5  * lb
‘*?i  g PC/da),‘3  da>,
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TABLE X\’ TABLE XVII-continued

FATT\’ ACID COMPOSITIOX OF 501’ LECITHIX Assoaatton  Between ?r2OJ  and Pcrccnr  of
SOY LECITHIN Phapocyuzed  Candrda  rr/b,cunr  Killed  (P)  P/K)

FAl-l-Y ACID (G w.ewh!l Da\< 0 34 7-6

160
16 lu7
18.0
18 1x46
I8 In9

I? 6
02
2.9

106

d
A 204 - 2.6 -IF -26

TABLE XVIII
18:2u6 65 9
18.3u3 65
ZO.lu9 0.2
20-4~6 -
20.5u 3 -

10 THE EFFECTS OF SOY LECITHIN (PC 95) ON
NEUTROPHIL KILLING OF CA.WfXM ALBICA.VS

Ih’ SEVEN HIV POSITIVE PATIENTS
DAYS BASELINE 48 HOURS 72 HOURS

SUBJECT 1 10.4% 22.2% 16.5%
SUBJECT 2 16.3% 32. I ‘Z 20.4%

TABLE XVI
Effect  of Oral PC on Arachtdonlc  Acld (20:4l  Levels

of PMNs and After Exposure to Condrdu albrcanr
Da!< 0 34 7-s
PC (4) 6.4 104 17.3

Before (3.1-9.0) (3.8-20.6) (5.7-29 1)
20.4 (t311rs.1 - 3 9 - 8.6 - 15.3
Change (2 3-6 2) (2 7-15.9) (4.8-28 6)
Placck (31 41 26 2.6
B&m (3.2-5.8) (1.8-3.3) (1.9-3.7)
20:4  ftshts) -26 -1 8 -19
Change (1 4-4 II (I 3-l 5) (1 5-Z  5)

TABLE XVII
Assoc~al~on  Berwcen A20  4 and Percent oi

PhaEocytlzed  Condlda olb,cons  Ktllcd  (4 P/K)
Da!-< 0 3-4 7-b

P C  (41
‘+i P/K 63 I7 8 22 6

IS SUBJECT 3 11.8% 36.6% 18.3%
SUBJECT 4 8.0% 24.9% 14.5%
SUBJECT 5 19.6% 20.3% 55.7%
SUBJECT 6 47.9% 53.2% 57.1%
SUBJECT 31.6% 25. IQ 56.7%7
’ of C. olbmmu MIT  rcducrwn2 0 pcrcmr  kilhng  by

TABLE XIX
THE FATI-Y  ACID COMPOSITION OF SO\

PHOSPHATIDYLCHOLINE
FATTY ACID PERCEST25

Palmmc (16rO1  12.5
Palmtroleic  (16 I n7) 0.2
sreanc  f I8 0) 29
Olac (18.1  n9l IO 6
Linolcic (18.2 n6) 65 9

3 0 Linolcnic (18.3 n3) 6.5
Elcovnoic  (20.  I nQ) 0.2
Arachldomc  (20 4 n6) -
Etcosapen~aenoic  (205  n.71 -

TABLE XX
EFFECTS OF ORAL PHOSPH.4TIDYLCHOLINE  ONNELTROPHIL

FCNCTION  AND ARACHIDONATE IN NORMAL ADULTS’
Phagocyrow  of Kdlme  of Arachldonic Arachtdomc
Candida  olbrconr Candrda albrcons acid levels acid release

frr) (% Olp/lO~ PMNL)
Da>> Placebo PC Placebo PC PlXCbo PC Placebo PC

G 258~41 29.3 = 4 5 15.6 f 2 7 16.05  12 35 2 8 38 I II 25 f 6 23 = 7
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TABLE XXI
EFFECTS OF PHOSPHATIDYLCHOLINE OR TRIGLYCERIDE
(SAFFLOWER OR SOYBEAN OIL) ON NEUTROPHIL KILLING
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TABLE XXII prising administering to the patient with said infection
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or susceptible to said infection an amount of phospho-

NEUTROPHILS  lpi RESPONSE TO CALCICM
glyceride containing linoleic acid as the primary fatty

IONOSPHORE. A21387.  AND MLP’ acid constituent, sufficient to stimulate phagocytosis by
A21387 fuLP 5 polpmorphonuclear leukocytes.
(rl = 4) (n = 4J 5. A method of claim 4. wherein the patient has Ac-

(P@105  cellsi quired Immune Deficiency Syndrome (AIDS).
BGiKllflC 14.5 f 5 6 <005 6. A niethod of claim 4, wherein the phosphoglyce-
PC - 48 hours 56 2 c 21.4 98.75 2 33.9 ride is selected from the group consisting of phos-

*map. ti-fonnyi.mc~hl~n~~.~~~~l-ph~~~l~lmrnc.  PC phospharedyl-cholmc  pro- 10 phatidycholine, phosphatidylefhanolamine, nhosnhati-
vdd u , stngk  dose 18  grams.  Values erpracd  u man 2 SEM
P < 0.01 “I Lischnc
P < 0.01 “I brvhnr

I claim:
1. A method of therapy to combat opportunistic viral,

bacterial, protistan or yeast infections in an AIDS pa-
tient, comprising administering to said AIDS patient an
effective prophylactic amount of phosphoglyceride
selected from the group consisting of phosphatidylcho-
line, phosphatidylethanolamine, phosphatidylserine and
phosphatidylinositol. or mixtures thereof. sufficient
against an infection, the phosphoglyceride containing
linoleic acid as the primary fatty acid constituent.

hylserine and phosphatidylinositol, or mixtures thereof.
7. A method of therapy to combat opportunistic viral,

bacterial, protistan, or yeast infections in an AIDS pa-
tient, comprising administering to said AIDS patient an

5 effective prophylactic amount of a species of phos-
phatidylcholine in which linoleic acid is the primary
fatty acid constituent

2. A method of claim 1, wherein the infection is a

8. A method of claim 7 wherein the infection is a
yeast infection.

1 9. A method of claim 8 wherein the yeast is Cundida
albicuns.

10. A composition for treatment of an infection. con-
sisting essentially of an essentially pure phosphatidyl-
choline in which an omega-6 fatty acid is the only fatty

yeast infection. 25 acid constituent and a physiologically-acceptable vehi-
3. A method of claim 2. wherein the yeast is Candida de.

ulbicuns. 11. A composition of claim 10, wherein the omega-6
4. A method of therapy or prophylaxis of a viral. fatty acid is linoleic acid.

protistan, bacterial or yeast infection in a patient, com- l l . l l
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